/ 



? 






2 




LIBRARY 

New Delhi 



\ 



c 

m 



FIELD CROPS OP INDIA 

WITH SPECIAL REFERENCE TO MYSORE 



BY 

A. K YBG-NA NABAYAN A1YJ&E, if. a. (Madras), 
Dip, in Agrio. (Cantab.), n.d.d. (England), 

•Director 0/ Agriculture in Mysore {Retired). 

Ex-President, Indian Science Congress, Section of Agriculture, Special Duty 
Officer under the Imperial Counci lot AjjrfonltanJ BewaWh on several occa- 
sions, Member, Commodities »»fl- Dairy Science Committees o! the 

same Oo3jJI J J&o«^«-«*^l' < a Ullre Ior man y y eM3 ,n tbs 

AgtficSiurBl OollBsje, Coiuilwtore. Editor of the Monthly 

Bulletin ot the Bangalore Dairy Cattle Society, 

Member, Mysore Economic Conference, eto. 



umiHngQte Library 

Imperial Agricultural Research Injliluii, 
Mew iJelki 



J3AN&ALOBE 
PRINTED BY THE SUPEBINTENDENT, GOVEBrWEM FEESS 
1944 



Price : Ba, 15, 



PREFACE 



IN ■writing this book on the Field Crops of India, the author has been 
sustained throughout by the hope and belief that it will be found 
helpful to all who may be interested in Indian Agriculture as students, 
teachers, practical agriculturists, economists or officials of the various 
departments of Government who come in close contact with rural life, 
There are few books, perhaps, none at all published within recent years, 
which deal compendiously and comprehensively with the cultivation of 
all tho important crops of the country. The Text-book of Agriculture 
by J. W. Mollison and that by N. G. Mukerji are about the only 
books that have long been available to the student. There ate the 
sections on the various crops in that monumental work, the Dictionary 
of the Economic Products of India, whiob. contain much useful infor- 
mation mi^Sfikf^^»»mmiiMe for reference. There are also special 
l fere&irfBos, like Eidley's ' Spices ', for instance, which deal with one or 
more crops of special economic importance. All these books are old, 
and some are very old indeed, and are anterior to the present epoch of 
extensive scientific research in the country. Most of the valuable 
information which has been the result of such work is available only 
in the form of special bulletins, articles in the different agricultural 
journals and other periodicals, and leaflets and circulars of the various 
departments of agriculture ; these are all scattered and fragmentary and 
have to be fitted in their proper perspective and proportion into a full 
account of the particular crop, if it has to be presented to the genera^ 
reader. Occasionally here and there, some of these departmental 
bulletins are quite in the nature of crop hand-books ; these however 
are few and relate to only a crop or two. The author has thought it 
would serve a useful purpose if a book of a fairly cdmpreheriSife 
character dealing with most of the agricultural crops including the so- 
called plantation crops like coffee, tea and rubber, and drawing 
attention to such results of scientific work in each caee as may be of 
practical application by the agriculturist can be prepared and published. 
In deciding upon the scope and method of treatment to be adopted in 
such a work this object has been kept in view. 

During the course of his long service of some tbirfcyfive years in 
the Mysore Agricultural Department, in many capacities such as 
Chemist, Agricultural Teacher, Deputy Direotor and as Director, which 
has included several deputations both in India and abroad, and Mior 
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on during his retirement, as Officer on Special Duty under the Imperial 
Council of Agricultural Research and a member of some of its Committees, 
the author had maintained systematic notes for use not only in his day- 
to-day work but also with the object eventually that they may bo workod 
up into some kind of a permanent record in the shape of one or mors 
books, so that they may be useful to all those connected with or 
interested in Indian Agriculture. It was partly this desire and p irtly 
the pressing request by many friends that a text-book on the cultivation 
of the various important crops of the country should be written and 
their suggestion that the author could not leave a more fitting memento 
of his long career as an agricultural officer, which have induced him to 
undertake this work. The author is painfully conscious of the fact that 
the vtork has had to be carried out during his retirement from service 
that ha lacked the facilities which may be available to one in active 
service and that therefore to that extent shortcomings are likely. 
Nevertheless he has made the best use of such facilities as could be 
secured under the circumstances and has spared no efforts to make the 
book as comprehensive and useful as possible. 

The need for a book on the various aspects of Indian agrioulture 
including both crop and animal husbandry which is even now keenly 
felt will, almost to a certainty, bo felt to a much greater extent in the 
near future. In the many-sided and large scale economic, develop- 
ment which is proposed, planned and examined for paSt«a^ar India, 
agriculture will claim and be accorded a very large share, notoniy^in 
order to increase the food supply in the country but also to furnish in 
a larger measure than at present such agricultural products as provide 
the raw materials for many industries. Schemes for land reclamation 
and improvement for bringing more land under cultivation, schemes for 
increasing the facilities for irrigation of all types, schemes for the 
large scale manufacture of implements, manures and fertilisers, are al 
contemplated. In addition there are the schemes for the development of 
scientific research itself, for increasing the produce of the land, for 
evolving and multiplying high yielding varieties, for reducing the losses 
due to insect pests and crop diseases, for the better preparation of 
produce, for the utilisation of the bye-products and for ensuring a better 
money return to the producer, to specify only the more important 
directions for such action. The technique of crop raising must naturally 
form the central aim and pivot in these activities, and to this end, a 
.comprehensive and practical treatise should make a valuable contribu- 
tion. 

^Furthermore there is an increasing tendency for men not con-;/ 
nected with agriculture to invest in land and to take to farming, bofh 
because the land is still considered the safest investment and farming 
a haven of refuge in these days of cataclysmic turmoil, and also 
because with sufficient capital, the cultivation of many economic crops 
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can generally yield a reasonable return. "With the measures now being 
contemplated to put agriculture on a paying basis the attraction of the 
land is bound to increase. Large schemes of reclamation and coloni- 
sation are also adumbrated as forming part of post-war reconstruction, 
and quite a number of settlers on such reclaimed areas are not likely 
to belong to the traditional agricultural classes. Moreover, as in other 
countries so in India also, there is a steadily increasing exodus of people 
from the villages into the towns and cities; there is a large and marked 
change-over from the traditional and hereditary occupations to those 
less arduous and more attractive. The ryot leaves his plough, the 
potter leaves his wheel, the weaver leaves his loom, the village black- 
smith his forge and even the priest leaves the temple, and all flock to 
the towns to exchange their hard village life and the precarious income 
from the land for the regular assured wages and the soft jobs in the 
various services in the cities. There is danger in the movement, of 
much traditional knowledge, the result of centuries of experience* 
being forgotten and for agriculture to become less and less efficient. A 
full and reliable record of the agricultural praotioes will become an 
increasing need under the circumstances and one affording fuller inform 
mation will mitigate to some extent the evils of the situation. To 
students, teae_hBK8-* and the educated agriculturists a .practical 
account of this kind will not only furnish much needed guidance but 
will also form the starting point for such further knowledge as they 
may feel inclined to gather from other and special treatises and from 
actual experience. Outside India too, the want of a fairly compre- 
hensive work of reference relating to the cultivation of the different 
crops in this country is keenly felt, and an attempt to supply this 
want will no doubt be welcomed. The importance and need for 
a book of this kind requires hardly to be further stressed. The author 
has kept in view readers of all these categories in writing it. 

The crops dealt with in the book comprise practically every field 
crop of any importance in the country including the so-called planta- 
tion crops like tea, coffee and rubber. It does not include vegetables 
and fruits, although some of the crops dealt with may be classed 
under one or other of these kinds of crops. They number in all 58' and 
are dealt with under the different classes into which it . is usual to 
divide them, viz., grains, pulses, oilseeds, condiments and spices, fibres^ 
drugs and narcotics, dyes, medicinal crops and so on. The classifi- 
cation may in certain cases be open to question, the grouping for 
instance, of coffee and tea under narcotics along with tobacco and 
hemp. The classification, however, happens to be the one adopted in 
the Official Crop and Season Reports and has accordingly been 
followed. It may also be considered that some of the vegetable crops 
which are occasionally grown on a field scale should have been included.' 
The perishable nature of vegetable crops haa been taken broadly m 
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their general characteristic and this is the basis on which these latter 
have been excluded from the list of crops dealt with. Ilia difficult 
to be vary strict in reference to the crops on the border line, so to 
apeak, and it is inevitable that in these cases the classification should 
be somewhat arbitrary. 

The treatment of all the crops follows a uniform plan, which will 
be seen from the main paragraph headings in each chapter. The aim 
has boen to make the subject matter regarding each crop complete 
and self-contained. In addition, therefore, to as dotailod a description 
of the methods of cultivation as possible, including soils, rotations 
irrigation, drainage, otc„ the subjects of manuring, of botany and 
varieties, of insect pej&s and diseases, of chemistry and the prepa- 
ration of the main marketable product, are all separately gone into. 
Bach chapter concludes with a briof statomont of the acreage, 
production, exports and imports of the particular crop. Although the 
aim and endeavour have been to mako the treatment comprehensive 
On the whole still attention has been paid mainly to those aspects of 
cultivation and other matters which have a practical bearing. Matters 
of pure scientific importance jre either left out or touched upon only 
briefly, and as far as they may be related to actual methods of culti- 
vation, to the selection of varieties, or to the control of pests and 
diseases. Thus in the botany of the crops, the description of the varieties , 
of economic importance receives the main attention rather than the 
strictly botanical characters ; in respect of pests and diseases, the 
outward signs of the disease or attack, their mode of spreading, and the 
methods of control, receive attention more than the life histories of the 
pests or the morphology of the fungi concerned. Moreover among the 
pests and diseases only the major ones and those of frequent occurrence s 
are dealt with and others are only briefly referred to. General principles 
underlying agricultural practices are however explained and emphasised 
in the appropriate places, such as the treatment of special soil types, 
the principles of dry farming, the importance of drainage, the princi- 
ples and methods of manuring and so on. An endeavour has been 
made to embody as far as possible published results of scientific work 
fc6 the extent, however, that they may be of immediate practical appli- 
cation. One cannot but observe in this connection that out of the 
very large bulk of scientific work in the country results answering to 
this description -are comparatively small. This is painfully evident iaj 
the case of control measures against pests and diseases, a matter is 
which even the best among our agriculturists feel helpless and resort 
to the help and advice of the departmental officers. There are also 
many other aspects of cultivation in which the lacunae in our know- 
ledge are many and important, notably for instance in respect of 
the relation of soil types to crops, plant diseases, manuring, 
the feeding values of many pulses, the varietal characters of 
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many of the minor crops and so on, which all await further research. 
Such as they are, however, trie results of scientific work have been 
availed of, as fully as possible, in the treatment of each crop- 

The chapters on the different crops are by no means exhaustive 
monographs, and specialist readers may find them not as full as they 
should be. The author would only plead in extenuation that the book 
is largely intended for the ordinary reader interested in agriculture and 
that considerations o! space in a book which deals with such a large 
number of crops put an inexorable limit to the length of the chapters. 
Some results of importance which may have become available since 
the book was written could not obviously be included and therefore may 
be noticed as omissions. This is specially probable in respect of 
improved varieties. The plant breeder is busy everywhere and new 
and better varieties are being rapidly evolved, to which the older ones 
have to give place. In fact it is not at all unlikely that by the time 
this book reaches the public some of the varieties listed and described 
under sugarcane, cotton or rice, for example, may become back num- 
bers. The author has also eaohewed, except in the case of a few 
crops, going into the money values of operations or produce; the 
frequent and violent fluctuations in the price of produce and the large 
variations depending upon the time and place in the items making up 
the cost of production, make such figures either valueless or positively 
misleading. The few cases in which such figures are given only serve 
to emphasise this point. Making allowance for these features in the 
book, the author hopes that eacli chapter is so comprehensive that few 
readers of the ordinary type who may tarn to its pages for help or 
guidance will go disappointed. 

The methods of cultivation described in the book are mainly 
those which are prevalent in the Mysore State. Notable or inter- 
esting differences which may exist Jn other parts of the country are 
also referred to wherever their importance may warrant it. Though 
the matters dealt with are largely based upon the au'thor's own work 
and notes, ranging over a long period of time both inside and outside 
of Mysore, still a large variety of other sources ha3 been availed of to 
the extent possible. Among these are many of the standard books on 
special crops, the publications of the Mysore and other departments of 
agriculture, the various agricultural and allied journals both Indian 
and foreign, (notably Malaya, Ceylon, and the Netherlands Bast" Indies) 
and other publications. A list of the principal ones among these is 
given in the Appendix. The author's indebtedness to all these books 
and publications and to the writers of the different articles which 
have been made use of is very great and he takes this opportunity to 
acknowledge it with gratitude. 

The author has received very material help from various Govern* 
ments and their officers. The Government of His Highness fh$ 
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Maharaja of Mysore have been chiefly instrumental in enabling him to 
publish the book. The Government of India have permitted the 
Imperial Council of Agricultural Research to lend to the author the 
blocks of illustrations that have appeared in the various Marketing 
Keports and in "Indian Farming." The Director of Agriculture 
in Mysore, the Director of Agriculture in Ceylon, the Superin- 
tendent of Sericulture in Mysore, the Secretary of the Indian Jute 
Committee and the Millets Specialist in Coimbatora, have likewise 
been good enough to permit the use of the blocks belonging to their 
respective departments. The Superintendent of Government Printing 
in Mysore, Mr. B. Krishnaswami Chetty, B.E., has, despite great 
difficulties for suitable paper and the pressure of Government work, 
put the book through with much promptitude and with excellence. 
To all of them the author wishes o to express his deep gratitude. 

The author is not unmindful of the fact that there may be omis- 
sions and inaccuracies, but trusts that they are not such as to detraot 
from the value of the book. In conclusion he would express the hope 
that the book will achieve tho main object of its publication and afford 
both helpful guidance and knowledge to all those for whom it is 
intended. 

— The Author. 
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SECTION I 
THE GRAIN CROPS 
I. RICE (Oryza sativa) 

VeknACULAB NAMES FOE RIGE (unhusked or paddy)— 

Kmnada-BsATTA, ITiwmZ-Nellu, Telugu-OVLV, 

Malay alam-NlfiLlH, Eindnstani-T>Am. 

Distribution, altitude and climate.— 'The rice crop has the 
distinction of being the most extensively cultivated crop in the 
world and of being the staple food crop of the largest population. 
The world's rice area is estimated at about 134 million acres 
and the population fed by the crop at 95 per cent of the world's 
total population. 

The rice plant belongs to the order GS-raminese and it is 
remarkable that the whole of this immense cultivated area of 
the world is under a single species, viz., Oryza sativa, although 
the varieties therein are very large in number, running into 
hundreds. Rice has an extensive range of cultivation ; it occu- 
pies not only the tropics, but extends far into the temperate 
zone. It is par excellence an Asiatic food crop ; Southern, South- 
Eastern and Eastern Asia form the largest riee-growing part of 
the globe and the largest rice-eating population also belongs to this 
area. The cultivation however has been taken up in other 1 parts 
of the world also ; in Europe, Northern Spain and Italy are 
important rice-growing countries, in the United States rice is 
grown extensively in the States of Louisiana, Texas, and the 
Carolinas. In British Guiana, many West Indian Islands and 
the Northern and Eastern Provinces of Australia considerable 
rice is grown. l The range of latitude may be said to extend from 
the 40th parallel North Latitude to the 30th parallel South Lati- 
tude. Temperature however sets a limit and in the higher latitudes 
only in the warm months of summer can rice be grown. Rice 
is grown from sea level up to an altitude of about 3,000 feet as a 
maximum. On the Mysore plateau which has an elevation of 
about 3,000 feet rice is an important crop, grown in all seasons 
of the year and over extensive areas and giving fairly heavy 
yields. The same may be said also of the mountainous Province of 
Coorg where rice is grown at an altitude of 4,000 feet, In the ( 
higher altitudes with their milder temperature, the growing 
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period is more prolonged and the maturity delayed than in lower 
altitudes or sea level, and the so-called short-season varieties 
which are said to mature in three months or less take a con- 
siderably longer period to mature. 

Rice is grown in the almost rainless valleys of Afghanistan, 
in the flat damp hot plains of Lower Bengal, in the coastal 
deltas and in the hill ranges of Kashmir. Rice can be grown 
over a wide range of rainfall. In the districts adjoining the 
Western Ghats where the rainfall exceeds 200 inches in the 
year, rice is grown as an important crop, it is in fact the only 
food crop that can be grown. Where the rainfall is at least 25 
inches in the growing season, rice can be likewise grown safely as 
a rainfed crop. At the other extreme where the rainfall may 
be even less than ten inches, excellent crops are raised under 
well irrigation, Eice is thus certainly unique in respect of the 
wide range of conditions such as latitude, rainfall, distance from 
the coast and altitude, under which it can be grown. 

Soils, — The soils on which rice can be grown arc so 
extraordinarily varied that it can be said thai there is hardly any 
type of soil on which it cannot be grown, including alkaline 
types, of a fairly high degree of alkalinity. Damp alluvial soils, 
black clayey loams, light sand, gravels or stony soils, deep soils, 
exceedingly shallow soils, soils with a high lime and alkali 
content and even boggy soils in which the soil is composed of 
fine, almost floating, mud— can be seen to be cultivated with rice. 
Steep hill sides are carved and laid into terraces for rice cultiva- 
tion with the most painstaking labour ; and flat land subject to 
inundation and complete submergence for part of the year is 
also cultivated with rice. The channel irrigated rice fields in 
the Mysore district are in many tracts so gravelly and even 
stony that crop-raising will be considered almost impossible ; the 
hoofs of the ploughing cattle and the fingers of the transplanting 
coolies become badly worn and pitted, when working on these 
fields. 

Soils are so fine and soft in certain places that ploughing 
with bullocks or buffaloes is a dangerous operation as they sink 
too deep and the fields are therefore prepared only by digging 
with manual labour. In certain rocky situations rice fields can 
be seen on very rocky soils which are very shallow and only a 
few inches deep and underlaid by rock. It is very noteworthy 
that, hard as many of these conditions may seem, fairly moderate 
yields are generally obtained. The best rice soils are clayey 
loams of the kind seen on flat land under tank irrigation and in 
river deltas. They work into a soft mud when puddled and 
when dry develop deep cracks. 

Rice is cultivated practically as a semi-aquatic plant ; but 
there are varieties which are cultivated exactly like a dry grain 
such as ' ragi ' or ' jola ' and in mixtures with dry crops like 
' togare ' or cotton solely with the aid of the rainfall and with no 
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impounding of water in the standing crop at all. Others are 
raised as rainfed crops, in low situations where water may stand 
for some days ; but they can also withstand considerable drought 
when the water drains away and the rains cease, for several 
days— conditions under which no other crop can be grown with 
confidence. 

Laying out rice fields: — The cultivation of rice is carried 
o&fe in many different ways but a most important preliminary 
is tbe laying out of the fields for this purpose. The cultivation 
of rice except in the somewhat rare instances of dry culti- 
vation, requires that irrigation water should stand evenly 
over the field practically throughout the season and be capable 
of flowing out in a gentle flow, the level of the water in the 
field being kept up at the same time. Fields have therefore 
to be level and surrounded by firm, fairly water-tight bunds, 
The size of the fields has to be suitable therefore both for the 
purpose of impounding the water at an even depth and to permit 
of a flow. On sloping ground and undulating country or the 
sides of hills, the difficulty and expense of making any deep 
cuttings and somewhat large terraced fields sets an additional 
limit to the size of the fields. Often cuttings cannot be made 
deep and the terraces are therefore higher than the nature of the 
lower layers of the soils will allow ; sheet rock, partly decom- 
posed rock or thick gravel or very raw unweathered clays may 
He within two or three feet of the surface and the terraces 
cannot in such circumstances be made higher to permit of larger 
fields. The steeper the slope the smaller and more numerous 
the terraces and the narrower are the fields. In the channel 
tracts of Mysore, this terracing for rice cultivation may cost from 
Its. 25 upwards to double this figure or more according to the 
nature of the slope and the kind and depth of the soil. Fields 
seldom exceed one-tenth of an acre and are generally very much 
smaller, those of even one-fortieth of an acre being found. The 
irrigation water has to flow from the upper terrace to the one below 
and so down the slope and a continuous flow kept up so as not 
to deprive owners of fields in the lower terraces of an adequate 
supply to their fields. Fields have therefore to be small enough 
to impound the necessary water and allow.a flow outside without 
any scouring. On level flat land such as under tank or well 
irrigation fields can of course be made very much larger, the only 
provision to be safeguarded being the keeping up of a uniform 
depth both at the inlet end and at the outlet end, without 
impairing the gentle flow from one end to the other. Fields of 
about a fifth to a fourth of an acre are easily possible ; but in 
practice even here the fields are made much smaller and even 
ridiculously so ; even when these small pieces form part of one 
single block in the possession of one single person, these divisions 
are made, The land taken up by the dividing bunds in these 
highly divided fields is considerable. There is furthermore the 

1* 
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difficulty of ploughing these little areas which entails much loss 
of time and labour, Where cultivation is of a high order the field 
bunds are kept trimmed thin and at the minimum necessary, but 
where cultivation is of the ordinary type or poor and neglected, 
the field bunds are often a yard wide and exceedingly wasteful. 
The saving that can be effected in both these directions, viz,, 
the increased area and the saving in bullock labour if these fields 
can be thrown together and made large, is very material and is 
indeed one of the main grounds for effecting consolidation. In 
certain provinces the Survey department refuses to take note of 
fields smaller than a particular limit in their accounts, but neither 
the advantages of consolidation nor this rule of the Survey 
department has deterred cultivators from splitting up the fields 
into often absurdly small plots. Fields should be laid out as far 
as possible into suitable rectangles and as large as the surface of 
the tract will allow, consistent with the requirements of irri- 
gation indicated. 

Seasons for Bice : — It is a very noteworthy characteristic of 
the rice crop that it has a very wide range of seasons, to such 
an extent indeed that it may not be unusual to see the rice 
crop in all stages of growth at the same time in one and the 
same neighbourhood. Eice may be sown or transplanted, 
grown halfway through, in earheads, maturing and even being 
harvested at about the same time. This is largely the 
result of the existence of a large number of varieties which 
are adapted to particular seasons having varying periods of 
maturity. This peculiarity of the rice crop enables the cultiva- 
tor to manage with a small equipment by way of ploughs, 
bullocks and men a fairly large area, which will not be possible 
if the rice could be grown only in one season. Broadly, however, 
the rice seasons may be said to be two : (1) called the rainy season 
or the main crop which is sown approximately about June-July 
and harvested in November-December and (2) the hot weather 
crop which is sown after December up to about February and 
harvested from May to June. In the Mysore District the former 
is called the Hain crop and the latter is called the Kar crop, and 
elsewhere in the State the two are called by the names Karthika 
and Vaisakha crops respectively. In the Madras Tamil districts 
the two go by the names of Kar and Pisanam respectively. 

The main or rainy season crop is usually a long season crop 
taking from 5\ to 7 months to harvest and is grown in many 
different ways, viz., dry or puddle and in the latter " dry seed " 
sown, or " sprouted seed " sown or transplanted. The Vaisak or 
hot weather crop is usually a short season crop taking about 
4t\ months to mature. Specially early maturing crops such as 
those maturing from 75 days to 100 days are also sown only in 
this season although there are a number of medium duration 
crops which mature between 4| to 5 months, which are sown 
in the main season. The so-called " kar " or hot weather crop 
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is sown in parts of the Mysore District from as early as the 
month of October and continued through almost to the month of 
June when it really coincides with the main rainy season. These 
are given separate names depending upon the months in which 
they are sown or transplanted thus : — (1) ' Tula ' Kar — the first 
to be sown, is sown in puddle in the middle of October or trans- 
planted in the middle of November, (2) 'Kumba' Kar — which is 
really the correct season — is sown'dry' in December or in puddle 
in the beginning of January or transplanted at the end of 
January, (3) ' Mesha' Kar — which is the last, is sown or trans- 
planted from the beginning of April to the beginning of June. 

Varieties of rice are such as can be sown in eithec of the 
two seasons, or in only any one particular season. Much care 
has tp be exercised in selecting the variety to grow according to 
the season, especially when introducing varieties from other 
provinces or from different tracts. The peculiarity of varieties 
in this respect consists in the fact that some take a definite 
period of time to come to maturity, while others come to matu- 
rity only in a particular month or season irrespective of when 
they are sown. Varieties like Banku or (r. E. B. 24 which 
are raised as medium short season crops and are sown in the 
main or rainy season in the months of June- July, mature and 
are ready for harvest by about October. If however they are 
attempted to be raised as a hot weather crop and are sown, say, 
in January or February, they keep on growing and do not mature 
until about October ; as a matter of fact, the water supply usually 
gives out as the hot weather advances and the crop does not live 
to mature at all. The duration of varieties is also considerably 
altered by the "prevailing climate. Short duration varieties 
which mature in sixty days in the hot plains of the Madras 
districts take a considerably longer period if grown in the cooler 
climate of the Mysore plateau. Varieties brought over from 
Madras as 60 days or 90 days varieties have always taken from 
100 to 120 days in Mysore. 

The existence thus of varieties with different durations 
makes it possible to grow not only two crops of rice in the year 
on the same field which is usual but also sometimes three crops 
where there are ample supplies of water. It makes it possible 
further to grow a rice crop even at times and in situations when 
the water supply can last only for two or three months. 

Methods of Cultivation. 

/ Puddle cultivation and " dry " cultivation. — The methods 
of rice cultivation may be broadly divided into two classes, viz., 
(1) cultivation in puddle and (2) " dry" cultivation. 

. The cultivation in puddle may itself be in three ways, viz., 

the sowing of the seed after sprouting it first, the sowing of the 

raw untreated seed, and- transplanting seedlings raised separately 

• in nurseries. The puddle cultivation is adopted where the supply 
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of water is from river channels, tanks, or wells and where it is 
abundant and assured from the time the land has to be prepared 
to the harvest of the crop. In such areas both the methods 
sometimes may be adopted, the dry sowing being in sections 
where it may be desirable to start the cultivation earlier and 
sometimes in the higher levels. In tank-fed areas the rainy 
season crop that is sown in June and harvested about Novem- 
ber December may often be entirely on the dry system ; the 
preparation of the field and the first two or three months of the 
growth of the crop are by this means carried on with the help of 
the rainfall, and the latter half of the growth with irrigation 
from the tank, which by that time receives sufficient supplies 
to meet the needs of the rice crop ; UDder other tanks the 
whole area may be under puddle cultivation, either because 
of the large supply in the tanks or because the cultivation 
may commence somewhat later and after the tanks have 
received their full supply. In still other tanks, especially 
those that receive their big supplies in the North-Bast 
monsoon, no rice cultivation is taken up in the rainy 
season at all or, if attempted, is only on a small extent and then 
only by the dry method. In these areas the rice cultivation is 
taken up only in the Vaisak season and then is entirely on the 
puddle system. Under well irrigation the cultivation is always 
by the puddle system. The dry system of cultivation is the 
general rule in the tracts of heavy rainfall, such as the Malnad 
districts, where rice is cultivated solely with the help of the rain 
and seldom from any storage tanks or through any river channels. 

I. Fuddle cultivation — Broadcasting, — The cultivation by 
the puddle system is itself carried on in three different ways ; 
in one the seed is sown after being previously sprouted 
slightly, in another the seed is sown raw and untreated 
and in a third seedlings are separately raised in a nursery and 
are then transplanted in the puddled field. Whichever method is 
adopted, the preparation of the field is alike for all. The prepa- 
ration of the soil commences about a month or three weeks before 
the sowing or the transplanting has to be done and consists in 
flooding the field, and then ploughing it while the soil is not only 
fully soaked but the water stands about two or three inches deep 
in the field. Ploughing and cross ploughing are repeated with 
short intervals of a few days for rest during which water stands 
in the field or the field is sodden wet. Four to six ploughings 
are given depending upon the efficiency of the ploughing ; a 
thorough stirring of the soil and complete puddling is necessary 
and the time interval is also an essential factor ; these are all 
calculated to bring about the proper mechanical condition of the 
soil and the crop responds suitably to liberal treatment in this 
respect. 

Considerable saving in the expenditure of puddling can be 
effected by the use of mould-board ploughs and of cultivators 
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with three or six tynes but it is essential that every inch of the 
soil should be turned over in the puddle. In fact the thorough 
puddling of the soil and bringing it into proper consistency with 
the water is a most important difference between this method 
and the dry sowing method, which brings about chemical and 
bacterial changes in the soil peculiar to itself and which has a 
bearing upon the fact that any dry ploughing as a preparatory 
cultivation has been found to be harmful for the rice crop raised 
by the puddle system. The ploughing of the field immediately 
after harvest, and if possible more than once and allowing it' to" 
weather in that condition has been found beneficial only in "dry" 
or non-puddle cultivation. Where a green manure crop is grown 
to be ploughed in, it is cut down and is ploughed in in the puddle 
where it rots and disintegrates in the intervals between the 
ploughings. If the green manure crop is a tall growing crop 
like sannhemp or ' daincha, ' it will have to be cut into short 
lengths, so that it may not interfere with the ploughing; Low 
growing crops like horsegraro, cowpea, wild indigo, etc., can be 
ploughed in as such. Green manure is more often brought from 
elsewhere, the chief among these being the leafy branches of 
Cassia anriculftta, wild indigo, (Tephrosia purpurea) Pongamia 
glabra, Calotropis gigantea and so on. Sannhemp likewise may 
also be grown elsewhere and brought in. In these cases the green 
material is spread on the puddle and trampled in at the last 
ploughing. Cattle manure is seldom applied where green manure 
is grown and ploughed in, but under good cultivation, especially 
under well irrigation, and also where green manure cannot be 
applied, cattle manure is spread over at one of the later ploughings 
and ploughed in. The puddle is now srnoothened either by work- 
ing a levelling board or by coolies walking over and smoothing 
down any inequalities in the surface. The field is now ready to 
receive the seed, sprouted or raw, or the seedlings to be 
transplanted. These operations take nearly a month to 
complete. 

Preparing sprouted seed. — The sprouting of the seed is 
effected in the following way : — 

The seed paddy is first soaked in water either overnight 
or a whole day ; for this purpose it is put in a pot and water is 
poured into the pot until it covers the seed paddy or it is tied up 
in an ordinary gunny bag and kept under water, or tied up in 
baskets or receptacles made of straw twists and then kept under 
water. After 12 to 24 hours the water is allowed to drain away 
and the seed is heaped up on the ground and covered over with 
mats and weighted down with stones. In some places leaves of 
castor, Calotropis gigantea, Dodonia viscosa, Phlomis esculenta, 
etc., are used for covering the seed paddy and are believed to 
possess special virtues in this respect. On the third day they are 
removed, water is sprinkled liberally over the heap, which is 
turned over and again left covered with the leaves and weighted 
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by the stones. Elsewhere a certain amount of well powdered cattle' 
manure and ashes are mixed up with the seed at the time and 
the heap is turned over. The process is repeated on the third 
day also and on the fourth day the seeds are well sprouted and 
are ready for sowing. Sprouting can be induced by merely keep- 
ing the straw baskets well moistened after they are taken out of 
the water, a practice followed in some places. In four days these 
seeds too germinate and become ready for sowing. Sprouting is 
complete in a period varying from 48 to 96 hours according to 
variety, "" ' <s. 

The seed paddy itself whether for sowing as such or after 
sprouting may with advantage be subjected to a preliminary 
process of selection by which the lighter seeds are separated and 
removed and only heavy seeds are selected. This process con- 
sists in pouring the seed paddy into a vessel containing water 
with common salt dissolved in it, the quantity of salt to be used 
being as much as the water will dissolve completely ; on stirring 
up the paddy a certain quantity which consists, of course, of the 
light seeds floats and this is ladled off; only the portion which 
sinks is used for seed purposes. The process does not take 
more than a few minutes and the germination is not affected at 
all in any manner. As against unselecfced seed, the selected 
heavy seeds give a better stand and an increased yield. 

Sowing and after-cultivation. — Both the field and the seed 
having thus been prepared, the sowing commences, and with 
water standing about an inch over the puddle, the seed is sown 
broadcast ; on the following day when the seeds have sunk in 
the soft mud, the water is drawn off for a day. The next day 
water is let in and made to stand one inch deep and drawn 
off again the following day. This alternate watering and draining 
is continued for a week or ten days until the seedlings are well 
up and can stand heavier irrigation. Cattle manure or oil cake 
or artificial manure may be applied by strewing it thinly 
during one of the days when the field is drained off during 
this week. Irrigation is now given more liberally and more and 
mote water is made to stand in the field as the seedlings grow up. 
After about three weeks from sowing, weeding is done by means 
of a light harrow and subsequently by hand labour. At the 
first weeding an additional dose of manure, either oil cake or 
artificial manure, may be applied and water retained in the field 
by stopping both the inflow and the outflow for a couple of 
days. In the same way, oil cake or artificial manure may be 
given at one of the later weedings also, in case the crop appears 
to be in need of manure. At the last weeding which usually 
takes place about the third month, the young shoots or tillers 
appearing newly are also pinched pff. Water should be allowed 
to remain up to about four inches in the field in a state of slow 
continuous flow almost up to the harvest. Any shortage of 
water results in poor development of the earheads, in grains not 
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filling properly, resulting in much smaller grain or too much 
chaff or in grains not developing into large plump ones. Water 
is cut off only about ten days before harvest, and for a day or two 
before the harvest is to commence the field is further drained by 
means of small furrows, 

Transplantation : Raising nurseries. — "Where the field is to 
be transplanted, seedlings are raised in a separate nursery. The 
nursery is made by one of two methods, viz., one which may be 
called "wet" and tbe other " dry." For the wet nursery, the 
soil of a small selected field is prepared in the same way as for 
the puddle cultivation described above, that is to say, the field is 
flooded, ploughed in puddle,' the water drawn off, ploughed again, 
drained and this process repeated until a very fine puddled condi- 
tion is obtained. Cattle manure is spread and sometimes green 
manure is trampled in. Sprouted seed is sown very thick at the 
rate of 15 to 20 lbs., per 'gunta' (^ acre), or 600 to 
800 lbs., per acre in the soft mud with about an inch of water 
standing in it ; the water is drained off the next day ; water is 
let in again the third day and drawn off the following day, this 
being repeated once in three days until the tenth day when 
water is let in and allowed to stand almost one inch deep 
for a week, after which the depth of water is gradually in- 
creased up to three inches. The irrigation is continued without 
a break until the 35th or the 40th day when the seedlings are 
usually pulled out for transplanting. Instead of sprouted seed, 
untreated seed can also be sown ; in that case, the nursery should 
be watered for the first three days continuously, the water then 
drawn off, and cattle manure thickly scattered over, and then the 
watering resumed on the fifth day and regulated in the same way 
as when sprouted seeds are sown. 

In the ' dry ' nursery, the nursery plot is given a soaking 
irrigation to soften it, and when it has dried slightly it is dug 
thoroughly and prepared ; clods are broken, weeds gathered and 
removed and the ground well harrowed and brought to a fine 
tilth ; it is laid into narrow beds about three feet wide and sepa- 
rated by furrows, the beds being slightly elevated. Gattle 
manure is spread in the beds and well worked in. The beds are 
now irrigated along the furrows to give the beds just the amount 
of moisture required for germination of the seeds without flooding 
the surface. Seed is now sown thick and harrowed or stirred in 
into the beds and another layer of cattle manure and ashes spread 
on the surface. Every day enough water is let into the furrows 
and is splashe d, on to the surface of the beds to keep the surface 
moist. After the seed's sprout anTileweirestablished watering 
is given once in two days always by splashing or hand watering 
and not by flooding. The seedlings grow under somewhat hard ; 
conditions and do not attain the same height at transplanting 
time as seedlings raised in puddle and are suited to conditions 
where transplanting has to be delayed. 
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A nursery of a ' gunta ' of land (^ acre) will generally fur- 
nish seedlings enough for a quarter of an acre, but this ratio, 1 of 
nursery to 10 of transplanted field, is subject to much variation 
depending upon the quality of the seed, the thickness of sowing, 
closeness of transplanting, number of seedlings per hole and the 
general excellence of the cultivation ; on an average it seldom goes 
below 1 : 6. Under ordinary conditions of transplanting a ratio 
of 1 : 8 at least will have to be adhered to. 

Transplanting. — In the puddled field prepared and kept 
ready as already described, these seedlings raised in either of 
the above two ways, are now transplanted. The nursery beds, 
whether dry or wet, are given a good soaking irrigation so that 
the seedlings can be pulled out easily and without undue injury 
to the roots. They are pulled out either on the same day as 
they may bo required for transplanting or the previous evening ; 
they are, put tip in small bundles such as can be held in one hand 
and tied up, the roots are well washed to free them from 
adhering mud, and the bundles are taken in cart-loads or head- 
loads or slung across the shoulders in a couple of baskets to 
the field for transplanting. In some tracts it is the practice to 
allow the plants to wilt somewhat, by piling them up in a circular 
pile arranged with the roots outwards and the green tops inwards. 
The leaves slightly yellow in the process and it is claimed for 
this practice that borer larvte and eggs are killed out by the heat. 
After the seedling bundles are brought to the transplanting field, 
they are distributed on the field conveniently for the transplanting 
coolies who untie the bundles, remove the seedlings in bunches 
containing from three to ten (or even more) plants and plant them 
in the soft mud, at distances of six to nine inches. The trans- 
planting is done in the field with about one inch of water 
standing on it. On the following day the water is drawn off and 
irrigation is resumed only after three days, the water being let 
in during the day and drawn off at night. This kind of light 
and regulated irrigation is repeated at intervals of two or three 
days depending upon the retentiveness of the soil ; during this 
period the yellow colour of the seedlings, developed after they were 
transplanted, slowly turns to green and in about fifteen to twenty 
days the change is complete and it is also an indication that the 
plants are well established and can stand the normal irrigation 
for the crop. Prom that time onwards the water is made to stand 
in the field and a continuous flow is kept up with the water stan- 
ding about three to four inches deep, till the crop matures. 
Transplanted fields do not require the same amount of weeding 
as broadcasted fields, but some two hand-weedings are given as 
may be required, the first when the crop is a month old 
after transplanting and the second another three weeks 
thereafter. 

Seed rate per acre— (a) In broadcasting, -The seed rate per 
acre varies somewhat according as the seed is sown broadcast or 
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sown in drills. When sprouted seed is sown, for example, there 
is no loss of the seed and nearly every seed gives riso to a plant, 
whereas when dry seed is sown, there is a certain amount of loss 
due to their being picked up by birds, and ants and some seeds 
failing to sprout at all. The rate can therefore be reduced 
when sprouted seeds are sown. The seed rate for broadcasted 
seed varies from fifty seers to seventy seers (1 seer being 
equal to 1"7 lbs.), the rate for sprouted seed being about fifty seers, 
and for dry sown seed being sejventy_seers. For drill-sown seed 
in the Matnad the rate is about midway and may amount to fifty- 
five or sixty seers. For seeds sown as ' Salubatfca ' that is, in 
plough furrows, the rate is very low and is twenty-five seers. 
There is considerable variation however and generally seeds are 
sawn much in excess of real requirements as a precaution against 
loss and poor germination. 

(b) In transplanting. — For transplanted rico also there is 
much variation in the seed rate according as nurseries are sown 
thick or thin, or as the seedlings are transplanted in bunches 
of several seedlings or in singles, or two's and three's or such 
small numbei Kaiyats' nurseries are invariably sown thick. 
A very large number of experiments have been conducted 
in nearly every experimental farm in South India on the subject 
of seed rate for the nursery, on the number of seedlings for 
transplanting and on the spacing for the seedlings so transplanted. 
In drawing conclusions from these numerous experiments it 
must be stated that they are all prior to the introduction of the 
new statistical technique for field experiments now invariably 
adopted although they were generally laid out in duplicate or 
triplicate and interpreted according to the then practice. This 
same remark applies also to the manurial and varietal and other 
experiments on rice which form a large bulk of the work on 
these farms. 

Seed rate for transplanted rice.— The seed rate for trans- 
planted rice can be as low as 12 seers an acre (about 20 lbs.) 
but often goes up to fifty seers an acre or about four 
times the quantity. It is even stated that the rate in 
some tracts goes up to 100 seers an acre. As a matter of fact 
if seedlings are planted in singles and a spacing of 6"X6" is 
adopted, the number of seedlings required will be given by as 
little as ten lbs,, and in many experiments the 12-seer seed 
rate has yielded larger crops than those with higher seed rates. 
Between this theoretical lower limit and the very high rates 
noted above practical considerations have introduced many 
variations. The size and variety of the seed and its general 
quality, the distance of planting seedlings and the number of 
seedlings that are or have to be transplanted and above all the 
need for having to provide against loss, by washing away, poor 
growth or low vitality of seedlings are all to be considered in 
adopting a suitable rate, On the whole it may be said that the' 
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seed rate should in average circumstances be between 40 and 
50 lbs., per acre, this quantity being sown in a nursery bed of 
one-tenth an acre, 

Spacing for seedlings.— As regards the moat advantageous 
spacing of the seedlings in transplanting there is no doubt 
that as far as tillering and cropping power of individual 
plants are concerned, the wider ti™ spacing, the better it 
is ; but from the point of view of the yield per acre, the spacing 
cannot be increased beyond a certain limit ; a wider spacing also 
leads to uneven ripening as some of the later tillers mature after 
the bulk has matured. Prom both points of view an economic 
spacing has to be fixed and this is found to be between four and 
six inches. Longer maturing varieties and better tillering 
varieties can be transplanted within limits of six and nine inches. 
Seedlings can be transplanted 6" X 6", 6" X 9" or 9" x 9". There 
is nothing to be gained by increasing the spacing any further. 

Number of seedli?igs to be transplanted. — The number 
of seedlings to be transplanted in each hole has also formed 
the subject of many experiments and the planting of single 
seedlings has been largely recommended. There is no doubt that 
strong well-grown seedlings in well manured fields, in tracts of 
ordinary rainfall, yield better crops than seedlings planted several 
in a bunch or at least are equal in yield to the latter. In this 
case the saving in the seed rate is an obvious advantage, while 
in the first there is the additional yield also in its favour. For 
various reasons, however, in practice it is found necessary to 
increase the number of seedlings per bunch. Tn the heavy 
rainfall districts of the Malnad where it is not uncommon to find 
water not only covering the young rice fields but flowing over 
the field with considerable force, a matter of first importance is 
to see that the seedlings are not washed off or rot away. To 
guard against this risk, seedlings are planted in bunches of 
fifteen or twenty and sometimes even more. Even in ordinary 
circumstances a much larger number is planted than would 
appear necessary. In both situations the number can be reduced 
with advantage, taking care however, that seedlings are strong 
and well grown. In the 'maidan ' districts the number can be 
reduced to three or two or even one, depending upon the condi- 
tions of the field and the seedlings and the labour available, while 
in the Malnad, the number can be reduced to four or five, excepting 
in the specially flooded areas. 

Age of seedlings. — The age at which seedlings should 
be transplanted has also been the subject of numerous 
experiments. As a rule, for ordinary guidance the 
practice of allowing one week for the seedlings for every 
one month of the maturity period of the particular variety 
is adopted. Thus, if a variety is one which takes six months to 
mature, then seedlings can be allowed to grow in the nursery for 
six weeks and then transplanted ; and in the case of a four 
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months' variety for four weeks and so on. It is seldom, how- 
ever, that a period of fifty days is exceeded. The underlying 
idea is that after the seedlings are transplanted there should be 
a sufficiently long interval for the seedlings to establish them- 
selves and tiller to their maximum capacity before the next stage 
in the growth, viz., the formation of the internodes and the 
lengthening of the stems begins. Obviously therefore the earlier 
the variety tbe shorter the length of time that the seedlings can 
remain in the nursery. Seedlings are never Jeffc in the nursery 
if it can be helped up to the stage when the internodes begin to 
form. Where nurseries are raised ' dry ' the seedlings do not make 
the same rapid growth as they do iu wet nurseries and so the seed- 
lings can be left a little longer in ' dry ' nurseries. The minimum 
period for which seedlings can remain in the nurseries is a matter 
which is decided by the growth and condition of the seedlings; if 
these are considered sufficient to enable the seedlings to overcome 
the shock of transplanting and establish themselves properly in the 
transplanted fields, then they can be removed from the nursery, 
A period of not less than twenty days will be required for this 
purpose and this may be deemed the minimum for the nursery 
stage. Nurseries in poor condition brought about by insect 
pests, exposure to high winds laden with sandy dust, poor soils, 
etc., should be given a dose of sulphate of ammonia to stimulate 
the growth so that they may attain the required condition with- 
out exceeding the age proper for the variety. 

II. "Dry" ploughing and cultivation, — In the second 
system of cultivation, viz., the dry system two methods 
may be distinguished. In one which is confined to the 
districts of heavy rainfall such as the Mysore Malnad, the 
crop depends entirely on the rainfall, and in the seconoT*which 
is common elsewhere the cultivation depends partly upon the 
rainfall and partly upon irrigation, the crop being started and 
continued about half way through, so to speak as a dry crop, 
and finished off as an irrigated crop or as in the puddle cultiva- 
tion. An interesting feature of the first system is the UBe made 
extensively of bullock drawn implements for work which else- 
where is largely done by manual labour. The methods may 
now be described. 

(a) Malnad cultivation. — The method of preparing 
the field is very much the same as for dry crops. The first 
ploughing is done soon after the harvest of the previous 
crop of rice, that is, as soon as the ground becomes dry enough 
to take the plough. The field is left in this condition until the 
first rains are recieved, when the field is worked with the heavy 
bladed harrow called " dodkunte " or with the heavy log called 
" koradu ", both of which break the clods. The " dodkunte " is 
worked twice again, during which process the clods are broken 
still further and the weeds are all freed from the clods and brought 
to the surface. Bullock hoes having three or more iron teeth 



14. field chops of indu 

are now worked and these gather up the weeds further, which 
are now collected and heaped together and burnt. The 'koradu' 
or the levelling log is worked again in order to level and firm up 
the ground. Cattle manure is now spread and a smoothing 
harrow is now drawn to make the surface even for sowing. All 
these operations which are carried out with the help of the early 
pre-monsoon showers result in not only producing the proper 
tilth but in conserving the moisture for the seed bed. Seed 
paddy is sown invariably in rows in these tracts either through 
a regular four-tyned drill or through a bamboo tube (called a 
' sadde ') -which is tied behind a plough and through which the 
seed is dropped in the plough furrow. The seed is covered by a 
light harrow. After the seeds germinate and the braids can well 
be made out, small interculturing bullock hoes are worked 
between the rows, the teeth straddling the rows. At frequent 
intervals again these hoes are worked and the ground kept well 
stirred and weeded. The heavy rains ecrne about that time and 
the fields become flooded. The rice plants now grow under the 
usual flooded conditions. Weeding is an elaborate operation as 
they keep springing up all the time. The hoes are now worked 
in the flooded field and enormous masses of weeds are gathered 
for thorough removal. Alter this hoeing, a smoothing log called a 
' neer koradu ' is dragged over the crop, after which no further 
operations are needed until the crop matures, except to see that 
the field contains enough water standing to the proper depth. 

(b) Maidwn cultivation. — In the second method, the field is 
ploughed soon after the harvest of the previous crop, if possible, 
or with the first rains or with special irrigation to soften the ground 
sufficiently to admit of ploughing. The ploughings are repeated 
and at least four ploughings are given before the early rains set 
in; the weeds are removed and burnt; manure is spread and 
another ploughing is given and the field brought into the proper 
tilth. With the first good rain usually early in the month of 
June the seed paddy is sown broadcast and harrowed in. The 
crop is allowed to grow with the help of the rainfall alone, and 
no water is impounded until the crop is eight to ten weeks old. 
Water is then let in. The harrow is now worked and then three 
or four hand-weedings are given in the course of another six 
weeks. The water is kept impounded until the crop matures. 

The Manuring Op Eice. 
The ordinary manures and soil ameliorants used in rice 
cultivation are cattle manure, ashes, tank silt, and moss from 
drying tank beds, "rab burning" materials, green manures and 
mauurial earths. Fish manure, oil cakes, bone-meal and artificial 
manures like sulphate of ammonia, ammophos, leunophos, and 
superphosphates are also used and their use is steadily increasing 
as a result of their popularisation by the Agricultural Depart- 
ments. For keeping down the level of the fields suitable for 
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impounding water, long trenches about 1J to 2 feet in depth 
and about the same width are dug in the fields in regular strips 
and most of the earth especially from the lower portion or sub-soil 
is carted away and the fields are then levelled. Although this 
cannot in any way be called an addition of manure, the improve- 
ment effected is remarkable and in the succeeding standing 
crop of rice the strips which were dug can be easily picked out 
by the strikingly better growth and the dark colour of the crop 
thereon in contrast with that on the undug strips. Where 
there has been " alkali " accumulation, much new soil is carted 
into the field which more or less dilutes the strength of the 
alkali and renders it less harmful. Considerable silt from 
irrigation tanks is removed when the tanks dry up and is 
carted on to rice fields and in some places is about the only 
material added as manure. Similarly from tank beds which are 
quite or almost dry a great deal of the moss and water- weeds is 
also removed and added to rice fields. The silt from many water 
channels has however to be carefully avoided as this generally 
contains the seeds and roots of sedges and reeds which sprout 
in the rice fields and become very troublesome weeds. In old 
abandoned village sites, around old forts, and some special 
situations, an ashy coloured earth called " boodi mannu" or 
ashy earth is to be obtained and this is largely used as a 
manure both for dry and wet crops. It generally contains bits 
of bones, ashes, potsherds, 'kunkar' nodules and so on, which 
are probably the remains of old village refuse heaps, the sites 
of ancient battlefields or abandoned village sites. 

In certain tracts, notably in the eastern parts of Mysore, the 
penning of sheep is a common practice and the penning of 
1,000 sheep per acre per night is usual. Nursery beds may 
receive sheep manure even at a higher rate. 

The burning of " rab " is a manurial practice peculiar to the 
tracts of heavy rainfall in Konkan in Southern Bombay. Dried 
cowdung cakes and dry leaves and branches of certain trees are 
put up in piles in different parts of the field together with the 
stubble and scrapings of the field itself and these piles are 
lighted and made to burn slowly. After the materials are burnt 
completely, the ashes and burnt earth are spread uniformly over 
the field. For nursery beds of rice especially this practice is 
invariably adopted. Fields thus treated with " rab " manure 
are found to yield a better crop of rice than those not so treated. 

A practice very similar to the above is the shifting cultiva- 
tion carried on by jungle tribes called " Kumri " cultivation in 
Mysore. Patches of jungle are burnt down and in the stirred 
earth and ashes, rice is sown in the early showers and often 
bumper crops are said to result. The land is abandoned after 
two or three crops are taken and a new piece is taken up and 
treated in the same manner. The practice has been stopped 
almost completely on account of its destructive effect on the 
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forest and is kept up only where a young plantation of teak or 
other valuable timber is to be raised later on. 

Cattle manure and ashes ol all kinds generally mixed 
together form the commonest manure and are applied to the 
exteDt possible. Except nursery beds which are everywhere 
liberally manured in this way, it is only in villages where the 
main crop is rice that cattle manure is applied to rice fields to 
any large extent. In villages where both rice and dry crops are 
cultivated, rice fields generally do not receive any cattle manure, 
which all goes to the dry crop fields. Rice fields in sections 
where the cultivation is really of a high order are manured well, 
but elsewhere either none is given at all or about five cart -loads 
per acre are applied. 

Green manure in rice cultivation. — Tn the channel areas 
and the large deltas where practically all the land is cultivated, 
very few cattle can be kept and even plough bullocks are some- 
times bought at the ploughing season and sold after some 
months. Cattle manure in these tracts cannot be therefore 
obtained and the use of green manures is largely resorted to. 
The use of green manures is so striking and almost universal a 
feature of rice cultivation that this subject of manuring assumes 
peculiar importance. 

Green manure is applied either in the shape of leaves and 
twigs cut and brought from outside to be ploughed in or in the 
shape of crops specially grown in the fields in which it is to be 
used. To the former class belong 'Honge' (Pongamia glabra), 
'thangadi' (Cassia auriculata), ' Yekka' (Calatropis gigantea), 
Neein (Melia azhadirachta), the creeper ' Ugani hambu ' (Pett- 
soniaspp.), wild indigo (Tephrosia purpurea) — which may be put 
down in both classes as it is sometimes grown for green manure 
and sometimes collected from the jungle and brought in — and a 
number of other kinds of vegetation such as the 'portia' (Thes- 
pesia populnea), ' four o'clock plant ' (Mirabilis jalapa), etc. To 
the second class belong a number of leguminous crops like the 
pulses, greengram, horsegram, blackgram, and cowpeas and 
other legumes like sunnhemp, daincha and wild indigo. The 
action of these green manures appears to be two-fold, uiz„ both 
an improvement of the physical condition of the soil and helping 
aeration and drainage and a direct addition of plant food 
material. Action in other directions is also possible, especially 
such as may result from any of the active principles peculiar to 
particular green manure leaves or other properties. It is the 
common belief that some of these leaves have special virtues. 
The 'honge ', for example is a highly esteemed tree of this kind. 
Neem and Calotropis are specially believed useful on alkaline soils 
and the former perhaps as a repellant against insect pests as well. 

The exact method of action of the green manure is not 
definitely established. Their role as at present known is to 
increase the production of oxygen through the agency of a film 
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of algae usually present in rice fields. These act upon the 
carbon dioxide "which is produced directly and by the oxidation 
of the marsh gas produced in the fermentation of the green 
manure ; the oxygen set free is used up to help the aeration of 
the roots of the rice plants and the carbon is taken up by the 
algae themselves for their growth. The most valuable plant 
food, vie., Nitrogen, of these green leafy manureB is given off 
as gas and escapes into the air so that according to present 
investigations the benefit to the rice crop is not through the 
addition of nitrogen as a plant food to the soil but only 
indirectly through helping the plants to take up and assimilate 
what remains in the soil more fully than otherwise. It is some- 
what difficult to reconcile this view with the remarkable effect 
of green manures in raising the yields of rice which one would 
ordinarily attribute to increased plant food in the soil. It must 
be noted, however, that where ' Honge ' and ' Thangadi ' are 
used as green manures they consist of a good deal of woody 
twigs and branches ; after the rice is harvested these branches 
are seen to remain very little changed and it is usual to gather 
them for fuel, Even the leaves remain either as skeletons of 
the cellulose frame-work or only partially decayed, many being 
almost intact except for being blackened or browned ; all these 
observations lend some support to the view that the action is 
not of the kind usually associated with the ordinary manures. 
In certain tracts rice is never grown unless ' honge ' manuring 
is given. Many cultivators in these tracts own plantations of 
' honge ' trees which are systematically pollarded for furnishing 
' honge ' leaf manure. 

The second class of green manures, viz., those grown in the 
field in which they are to be ploughed in, are almost invariably 
legumes — a class of plants which enrich the soil in which they 
grow in nitrogen gathered from the air through the agency of the 
bacteria in their root nodules. The cultivation of these crops is 
separately dealt with, and here some of their special characteris- 
tics as green manures may be referred to. They are all quick 
growing crops and are adapted for growing within the short 
period of two or three months preceding the cultivation of rice, 
taking advantage of the early showers. The pulses yield a 
moderate crop and where they can be grown to maturity during 
this period, the pods can be gathered and the leaves and stems 
ploughed in as green manure. Both the pulse crops and some 
others like sunnhemp are eaten by cattle, they can therefore be 
partially grazed down, and what is left may be ploughed in. The 
same advantage acts also as a drawback, for they have to be pro- 
tected from stray cattle, especially when only a few cultivators 
grow the crop and others leave their fields fallow. In this case 
the fields will have to be fenced or guarded or leguminous crops 
which cattle do not graze will have to be grOwn. Crotalaria 
striata, ' daincha ' and wild indigo belong to this class, though 
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with nitrate manuring. This is, however, exceptional and nitro- 
genous manuring (with artificial manures) for rice is to be in the 
shape of ammonium compounds or as calcium cyanamide or 
urea (floranalid) which easily become converted into ammonium 
compounds in the moist soil. Very large doses of artificial 
manures neither produce any large response nor are they found 
profitable financially; as a matter of fact even moderate doses 
result in a loss as the manures are costly and the produce cheap. 
The best combination can be stated to be as big a dose of green 
manure as can be managed, supplemented with a mixture of one 
cwt. of sulphate of ammonia and 1\ cwts. of superphosphate per 
acre. The mixture of the last two materials can be replaced by 
the combined fertiliser Ammophos or Leunophos. There are how- 
ever several grades of these which differ both in the actual 
quantities of the nitrogen and phosphoric acid but also in their 
proportion ; and in each such case the quantity required will 
have to be calculated so as to furnish about 18 to 20 lbs, of 
nitrogen and about 30 lbs, of phosphoric acid per acre. 

The mixture will have to be applied at or about a few days 
before transplanting ; backward crops may later be pushed 
forward by an additional small dose at the last weeding. 

Rice is said to be heavily manured with artificial manures 
in Spain, which, combined with the ample and regular irrigation 
accounts for the very high yields of rice in that country. The 
usual dose given is 600 to 800 lbs. per acre of a mixture containing 
40 per cent sulphate of ammonia, 54 per cent superphosphates 
and 6 per cent sulphate of potash. V 

As regards the utilisation of nitrogen and phosphoric acid 
from manures, it has been found (in Ceylon) that only from 20 
to 25 per cent of the phosphoric acid applied in the shape of 
manure is absorbed and that much of the remainder passes into 
the insoluble form in the soil. Nitrogen is absorbed almost 
completely from soluble manures like ammonium salts, whereas 
only about two-thirds is absorbed from insoluble forms like green 
manures. In the mature crop the grain contains 71 per cent of 
the nitrogen and 82 per cent of the phosphoric acid of the whole 
crop, while the straw contains 86 per cent of the lime and 78 per 
cent of the potash, 

Botations for Bice. — The conditions under which rice is 
grown are in many cases such that no other crops can be grown 
under the same conditions, and therefore no rotation of crops is 
possible. Thus in the tracts of very heavy rainfall such as the 
Malnads, in the low coastal belts liable to inundation and 
partial submergence of crop, in low-lying fields where water 
collects and stands for many days, in undulating tracts with 
terraced fields where water has to be continually flowing down 
the slope and again in the vast deltaic and other tracts where 
the universal cultivation of rice makes the soil too wet for other 
crops to be grown alongside, rice is the only crop that can be 
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grown. Moreover aa the water is available only during a 
season of about six months whether under channel irrigation or 
under natural rainfall, the soil is dry during the remaining part 
of the year and has to be left fallow. So that in all these cases it 
may be said that rice follows rice without any rotation, with 
only an intermediate fallow as an enforced virtue. This fallow 
may be either ploughed or bare. 

Eegular rotation is practised where water is available in 
more than one season, i.e., under (1) thelarge tanks either rainfed 
or fed by channels from rivers, (3) the great storage reservoirs 
with their assured supply for several years and (3) under 
irrigation by wells either independent or supplementary to tank 
irrigation. Jn large stretches of rice land such as (2), rotation is 
rendered possible and also facilitated by the block system of 
irrigation, by which the land is all divided into blocks each of 
which grows a different crop, one of them being rice. 

Eotations for rice under the abovementioned different 
conditions comprise the following : — (1) Rice from November or 
December to May or June, followed by ragi or jola as a monsoon 
crop from July- August to October-November. (2) Rice from 
June-July to November-December followed by sugarcane in the 
next year. (3) More intensively, a vegetable crop may 
intervene between the sugarcane and the succeeding rice crop 
in the above rotation. (4) Rice once in the course of three 
or four or even five years, during which latter period crops 
either single like plantains or betel leaves or a series of-crops like 
turmeric, chillies, tobacco, irrigated cotton, groundnuts, irrigated 
ragi, jola and so on occupy the land. These rotations are 
further dealt with under the respective crops. IrTthe channel-fed 
and other areas, the system of growing a catch crop like one of 
the pulses prevails serving somewhat the purpose of a rotation 
crop. 

It may be noted in this connection that a rather unique 
rotation for rice is practised in Italy, Rice is rotated with fodder 
grasses and clovers, which occupy the ground for two or more 
seasons, during which the fields are treated as meadows and 
pastures. The system forms part of a mixed husbandry, with 
rice cultivation combined with dairy farming. 

Botany and Varieties.— Rice— Oryza sativa — belongs to the 
natural order Graminese and is an annual tufted acpatic grass. 
The root system is fibrous and generally consists of two whorls, 
one a primary set developing from the radicle' itself and the other 
a secondary set which is permanent and whiah springs from the 
first node of the plumule and is situated higher and almost at the 
surface. From the same spot successive whorls of roots develop 
which though they appear to spring from one node are really 
derived from separate nodes which are so close together as to 
appear one and the same node. Though the roots develop under 
water, rice roots are not aquatic and require considerable eeration 
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for proper develops en t. The root system is not deep or wide- 
spread but is very profuse. Planted wide the plants tiller freely 
and these tillers nearly always spring from the bottom node near 
the surface of the soil but occasionally branching may occur from 
a node higher np also. The leaves are many, rather rough, thin 
and lanceolate in shape. The steins are hollow, cylindrical and 
begin to show after the tillering of the plants ceases and develop 
rapidly as the flowering time approaches, the upper internodes 
being considerably and successively longer than ones below. The 
flowering begins usually in a definite interval of time from 
sowing irrespective of the date when the plant was transplanted. 
The inflorescence is a loose panicle highly branched and nearly 
always drooping with the weight of the seeds. It is formed by 
the continuation of the stem and the branches spring in whorls, 
or singly from nodes on the rachis or stem of the panicle. The 
flowers themselves are borne at the ends of the branches. The 
glumes are four in number, the first and second are minute, 
(except in the so-called ' winged ' varieties), the third and fourth 
subequal, the former sometimes bearing an awn either long or 
short. The colour of the glumes in the ripe seeds is varied, 
very light yellow to golden yellow, yellowish brown, deep brown, 
deep purple or black, and the surface is smooth or markedly 
grooved or ribbed. The stamens are six in number. The stigmas 
are two and are feathery. These feathery stigmas are either 
whiteor coloured light purple ; this latter is the case in all varieties 
in which the husk of the grain is coloured. The rice plant is 
usually self- fertilised but to a small extent cross-fertilisation also 
takes place. Depending upon the variety and weather conditions 
such cross-fertilisation may go up to even 20 per cent 
though anything above 5 per cent should be considered 
unusual. 

The ripe grain can sprout without a period of dormancy but 
it cannot be definitely stated whether crops raised from such 
freshly gathered grain can yield crops equal in growth and yield 
of produce to crops raised in the normal way, i.e., from older 
grain. Moreover.though the husking of the grain results in the 
removal of the embryo and therefore only the unkusked grain or 
paddy has to be used for sowing, still it is possible to remove the 
husk in such a way that the embryo remains adhering to the 
endosperm ; such husked grain will sprout and can be sown for 
experimental purposes. Husking in a wooden husking mill will 
yield a fair percentage of husked grain with the embryo intact 
and in the case of some varieties this percentage will be consi- 
derable. 

The varieties of rice in cultivation are very large in number 
and run into hundreds. It is possible that a good many which 
are known by different names — mostly local — are really one and 
the same,, but even making allowance for this fact, rice is unique 
in respect of the very large number of varieties. The varieties 
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are sbarply divided by various characters, and can be classified in 
many ways. They can be classified into upland rices which are 
suited to dry or unirrigated conditions and rices for irrigated 
or flooded conditions; among the latter there are the ordinary 
irrigated rices, the rices which can grow in or withstand consi- 
derable flooding up to four or five feet o£ water and others which 
can grow in even twenty feet of water. There are rices for the 
ordinary^ soils and there are rices for the salty coastal flats and 
again for alkaline soils. Some of the ' aman ' varie- 
ties of Bengal are examples of the deep water rices. A variety 
grown in the Tanjore District and called Vadan Samba and some 
Malabar varieties called Bali, Ozkayarna, Orkuttadan are exam- 
ples of the latter kind. Rice3 can be divided according to the 
length of the growing period such as short, medium and long 
season rices. They can be divided according to the season to 
which they are suited. They can be divided according to the 
quality of the starch in them, into glutinous rices and the non- 
glutinous rices ; the former are sticky and "glutinous" when 
cooked, unlike the ordinary rices in which the cooked rice grains 
fall apart and are mealy to eat. There are the trade distinctions 
of coarse, medium and fine rices which are descriptive of the 
shape and size of the rice grain, both paddy and rice. There are 
again the red and white rices, classified according ti the colour 
of the husked rice grain. There are the outward characters of 
colour, thickness, shape, length and breadth, in all of which the 
gradations are almost innumerable. The colours are black, 
smoky, golden, yellow, yellowish brown, chrome yellow, light and 
deep brown ; in shape the grains are thin and long or thick and 
almost rounded, and medium ; the thin and long grains break in 
the process of hulling and yield an undue proportion of broken 
rice while the thick, short and- rounded grains hull and polish 
with the least proportion of broken grains. The plants in the 
field too show marked difference in the height of growth, in the 
tillering capacity, in the strength of the stems, in the size of the 
panicles and the number of grains therein, in their liability to 
shed their grain, in the proportion of grain to straw, in the 
yielding capacity, in the proportion of rice to paddy and so on. 
In a large number of varieties the grains possess awns ; these 
are very long in some and small in others and rudimentary in 
still others. In some varieties the palea at the base of the grains 
are so much developed that they resemble wings, and the grains 
are accordingly described as ' winged '. 

A descriptive list of the large number of varieties grown in 
Mysore has probably never been attempted, certainly not on the 
basis of actual cultivation trials of the different -varieties and it 
will be impossible even to catalogue them comprehensively. 
Examples only of varieties coming within one or more of the 
several classes mentioned among the varietal characteristics will 
be given. 
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Among the early varieties which take about 150 days from 
seed to harvest are: Bangarkaddi, Yelandur Sanna, Bilidappa, 
Kapile Sanna, Krishna Neela, Chintamani Sanna, Halubbalu, 
Hassan Doddi, Eavade Doddi, Dabbinasale (early type), Qarhi 
Sanna, Oiddabyra, Among medium varieties which take above 
150 days up to 170 days are Banku, Alur Sanna, Budanur Sanna 
Dabban Sale, Bolumallige, Ounasale, Kesari Bhatta, Nagapur 
Fine, Chandragutti, and Hasadi. 

Among late varieties maturing between 170 days and 200 
days and over are Kembuti, Kaddi, Patsomanahalli, Dodbili, 
Dodbyra, Maralkanti, Walya, Jeddu, Hegge, Jolaga, Togarina, 
Siddasale, Somasale, Hosalli Bill, 

One and the same variety takes a longer period to come to 
harvest when it is sown dry in the early rains as in the Malnad 
than when it is sown in a nursery and then transplanted. In 
respect of twelve varieties which were cultivated in both these 
two methods, the difference in time varied from 15 days in some 
varieties up to fully one month in others, the earliness being 
invariably in favour of the transplanting method. 

Classified according to the seasons to which the varieties 
are suited the following belong to the main ol' rainy season : — 



Kaddi 


Kembuti 


Bolumallige 


MaralakantJ 


Gamsalo 


Siddasale 


Kesaribhatta 
G.E.B. 11 


Nagpur fine 
Walya 


Bhnve 


Hassan bili 


Bangarkaddi 


Dodbyra 



Patsomanahalli 


Dabbansale 


Dodbili 


Alur sanna 


Garike sanna 


Banku 


Halubbalu 


Tosftrina 
Krishna Neela 


Jeddu 


Jeerge sanna 





The following belong to the Vaisak or summer season : — 

Chintamani aanna Budame sauna Halubbalu 

Gidda Byra Oandragutti sauna Puttu bhatta 

Kavade doddi Alur sanna Hassan doddi 

Three months' rioe Two months' rice Bangarkaddi 

It will be noticed that there are several varieties which 
appear in both groups. These can be grown in both seasons. 

While all the varieties listed above are suited only to irriga- 
ted cultivation, there are also varieties which can be grown like 
dry crops under ordinary rainfall or in moist situations. These 
are Maradagana bhatta, Mullu bhatta, Salu bhatta. These are all 
coarse grained and give red rices. Maralkanti, Doddabyra, 
Walya, Jolaga, Jeddu are coarse grained and give red rices. 

The red coat of the rice grain is seldom so persistent as not 
to be removed in the processes of husking and polishing ; it is 
only in the glutinous black rices that the black or deep 
purple pigment extends somewhat deep and even in these the 
tint diminishes towards the centre of the grain where a white 
core is distinctly made out. Although generally it is only in the 
coarse grains that the rice is red, there are several varieties 
among the finer kinds also where the rice grain is red. Banku 
is an instance . in which there are both red and white grains 
though the paddy is identical in both cases. In Halubbalu also 
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two such kinds can be distinguished though the paddy looks 
alike in hoth cases. 

Fine rices of the red coloured kinds are fancied as more : 
tasteful than the white sort of the same variety and fetch a 
better price in certain markets ; this premium has opened the 
door to fraud in which the white kinds are coloured artificially 
to resemble the red grain and sold. The colour however ^goes off 
when the rice is washed before cooking. In the well-irrigated 
sections of the eastern taluks of Mysore especially this practice 
prevails. 

In the case of par- boiled rices the red colour becomes some- 
what firmer during the process of parboiling and the pigment 
appears to penetrate or diffuse into the grain. The red colour 
is therefore not so easily removed in husking as in the case of 
the same grain when husked raw. 

All the varieties in the list which are called " sanna" belong 
to the class of fine grained rices while the others are medium to 
coarse. The length of the grains and their thickness across the 
middle will give some idea of the sizes of these grains. These 
measurements were made for some of the Mysore grown varie- 
ties of rice by noting the number of grains that can be laid end 
to end in a six inch length and again the number that can be 
laid in the same six inch if placed in a line side by side together ; 
the former figure gives an idea of the length of the grains and 
the latter of its thickness. These figures are as below : — 



Name of variety. No- of grains 


No. across 




along- 




Chmtatnani sanna .. 


17 


67 


G. E. B. 24 


21 


66 


Kaddi 


19 


53 


Alur sanna 


18 


61 


Putfca Bhafcfca 


26 


55 


Gidda Byra 


20 


52 


Hasadi 


18 


50 


Jeerige sanna 


27 


61 


Bolumallige 


20 


50 


Banku 


14 


62 


Sidda sale 


20 


47 


Halubbalu 


20 


54 


Bangarkaddi 


20 


60 


"Walya 


20 


49 


Doddi .. 


19 


48 


Hassan Bib 


20 


m 


Budume Sanna 


19 


46 



It need hardly be pointed out of course that the smaller the 
number in the two columns the longer and thicker it is, and the 
larger the number, then the shorter and thinner it ,is. Banku 
for instance is the longest grain in the list, the 'jeerge sanna' 
the shortest. Both are also thin grains but Chintamani sanna 
and G, E. B. 24 are thinner still. 
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An important economic character in which varieties differ is 
the liability to shed their grains. In rices the grains break off 
from their rachis very readily, but varieties differ in the degree 
to which they show this character. The more readily a variety 
sheds its grain the greater is the loss of grain in the field or on 
the way to the threshing floor ; some varieties are very bad in 
this respect, while others are either only moderately so or more 
or less hard to thresh. Some of the good varieties which are 
grown in the Vaisak or hot season are very prone to shed, and 
this greatly neutralises the other advantage they possess such as 
eaiiiness of season and fineness of grain. Banku, Yelandur 
sauna, Kempu sanna, Krishna neela are among the ones which 
shed badly. The long season and medium season varieties grown 
in the rainy season are more satisfactory in this respect. It 
must be stated that the trouble with excessive shedding can be 
greatly overcome by harvesting the crop a little earlier than dead 
ripe and stacking it so that it completes its ripening in the stack. 
It is usually in the dead ripe stage that the grains shed badly, 
even the varieties usually considered noa-shedding not being 
altogether exempt at this stage. 

It is an interesting fact that the "wild" rice which is known 
by the name of " Nere or Mere bhatta " in the Shimoga District 
and which is a most troublesome weed to deal with, sheds all 
its grains as they ripen. This is the very feature which makes 
its removal as a weed very difficult because so much seed is shed 
from the plants which escape removal that they sprout in great 
numbers in the succeeding crop of rice. The permanent removal 
of this weed is almost impossible, and at every cropping season 
huge quantities have to be pulled out at weeding time. 

The nature of the straw and its quantity in proportion to 
the grains are also important characters which differentiate 
varieties. While in foreign countries varieties mostly have stiff 
and strong stems which enable them to stand erect permitting 
thereby the use of harvesting machinery, the Indian rices are 
nearly all of them weak and thin with the result that they lodge 
badly when the grains are ripening and lie almost flat on the 
field. Careful harvesting with hand tools alone is possible. 
The use of machinery of course is ruled out, even otherwise on 
account of the small sizes of the fields and uneven surface. The 
straw of most varieties does not possess the strength, moreover, 
for being used foe the making of baskets, hats, etc., for which 
rice straw is made use of in Japan. As an important fodder for 
cattle and in fact as the sole fodder in many tracts, the quantity 
of straw obtainable per acre is important in this country. Some 
varieties which are good yielders of grain suffer from the draw- 
back of be.ing low in respect of straw. The popular variety 
G, E. B. 24 is an example of this kind. There is much 
difference between varieties in this respect as the following 
examples will show. . 
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Summer Chop 1928-29 (Hebeal Fakm, Mysore). 

Name of variety ,. n Gmin , ,. n 8traV) , 

{.m lbs. per acre) {in lbs, per acre) 

Chintarnani sanna ... 1,663 3,333 

Budume sanna ... 1,820 2,430 

Halubbalu. ... 1,700 2,470 

Gidda Byra ... 1,595 2,850 

Chandragutti ... 2,425 3,580 

PuttaBhatta ... 1,695 3,120 

Kavade Bhafcfca ... 2,150 2,940 

Garike sanna ... 2,065 2,300 

Aim: sanna ... 1,220 3,580 

Bangamkaddi ... 1,420 1,760 

.Bantu (rainy season 1925-26)... 1,540 1,700 

G. E. B. 24 Do ... 1,900 1,540 

Harvesting and Threshing. — The harvesting of vice com- 
mences as soon as the field dries somewhat after draining off the 
water and becomes fit enough for the labourers to walk about. 
Harvest is generally begun when the grain is quite ripe, but 
there is much to be said in favour of harvesting at an earlier 
stage and allowing the completion of the ripening to take place 
in the stack. After the crop is harvested it is allowed to lie on 
the fields for some time up to three days, and then brought over 
to the threshing floor. The threshing is taken up immediately 
after or the sheaves are put up in stack and taken up for threshing 
after about ten days when all the crop has been harvested. In 
the malnad districts of Mysore it is usual to keep the stack for 
six to eight weeks and take up threshing only thereafter. The 
threshing is carried out by beating the earheads on an inclined 
plank or a bench or a stone ; the grains separate with great ease 
though in many cases a small proportion is left over in the 
straw, This is all laid aside and after the first threshing by 
beating is all over, the straw is taken up for a fresh threshing to 
get the grain that has been left over. This second threshing is 
by means of trampling out the grain under the feet of cattle. In 
certain sections the grain is threshed out only by this latter 
process and no preliminary beating out of the grain is done. In 
the malnad — especially in the Shimoga District — the threshing 
is done under a stone roller, which is about 2J feet long and 2 
feet in diameter. This method is speedier and more convenient 
than the threshing under the feet of oxen. 

Winnowing and cleaning the grain. — The grain is now 
winnowed to remove chaff or empty grains of which all bulk 
grains always contain more or less. Empty grains are produced as 
the result of the flowers of the rice not having been fertilised owing 
to a spell of cold weather or to a shower of rain having interfered 
with the fertilisation. The pollen is not shed in the former case 
at the proper time and in the latter case it is washed off; either 
of which results in the grain not setting. Birds attack the 
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grain in the 'milk' stage and suck the contents, leaving the 
grains empty. Pests and diseases dry up the panicle in whole 
or part, before grains can mature, which also results in empty 
grains. The winnowing is done by pouring the grain out of a 
basket or tray held overhead and letting the wind blow off the 
chaff and dust as the grain falls on to the floor, and further by 
frequently fanning the heap on the ground vigorously. The 
heavy grain collects straight below the winnowing tray while 
the chaff and the lighter grains around the periphery of the 
heap, far or near according as they are quite or partially empty, 
and are swept aside. 

A. lot of clay particles, coarse sand and grit and the seeds of 
certain water grasses get mixed with the paddy and these have 
to be separated out by sieving, although even then the paddy 
cannot altogether be freed from them which persist even after the 
paddy is husked; this is especially the case with the weed seeds 
and the coarse quartz grit of the Mysore Channel tracts. The 
paddy is put through small circular bamboo sieves or large 
rectangular sieves of bamboo or sheet iron which are slung and 
rocked to and fro cradle-fashion. For seed purposes grain is 
gathered from the portion right under the winnowing tray as 
this is the heaviest grain ; it is thoroughly cleaned and dried in 
the sun and then stored. 

Yields. — The yield of paddy per acre varies a great deal 
with the varieties and the season in which they are grown, not 
to speak of the soil, manuring, irrigation and general excellence 
of the cultivation. In Mysore the highest yields are obtained in 
the eastern taluks under well-irrigation, the next in order come 
the great tank-fed areas of Kolar, Tumkur and Bangalore, the 
channel tracts of Mysore come third and the pure rain-fed crops 
of the Malnad come last. The highest yields may go up to even 
5,000 lbs., but in the best tracts of Mysore about 4,000 lbs., of 
paddy are easily obtained. On fertile tank-irrigated lands 
3,500 lbs., are usually expected, while in the channel areas the 
yields may be put down between 2,000 and 2,500 lbs., and in 
the Malnad tracts at about 1,700 to 1,900 lbs., per acre. The 
world's highest yields are reported from Spain where the yield 
reaches 6,000 lbs., of paddy and followed closely by Japan with 
about 5,000 lbs. The latter is on small scale intensive farming 
with the plants manured and cared for almost individually, but 
the former is in large scale farming and is attributed chiefly to 
the heavy manuring with artificial manures with an abundant 
and well-regulated water supply. 

Storage. — The grain is stored only in the unhusked condi- 
tion as paddy and for this purpose, has to be well dried before 
being put in storage. Between the weight as harvested and the 
weight after drying for storage there is considerable difference 
and this loss of weight will amount to 10 or 15 per cent on the 
fresh weight. Many kinds of storage and storage receptacles 



Z-iiee grammes made of bamboo work plastered over with 
niiul anil erected uloiiy the middle of the village street, 
Shimogii District, Mysore State. [Photo by author. 
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Bice Granary called ' Ptittarai ', Madras Presidency. 

[From the Report on the Marketing of Bico. 
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can be seen ; thus the grain is merely heaped in large rooms 
well protected from sparrows and vermin, Tall circular wicker 
bins well-plastered over with mud are erected on elevated plat- 
forms and into these the grain is filled, covered and plastered 
over. Substantia! wooden stores made of heavy planks like huge 
boxes with legs which clear the bottoms well above the ground, 
and covered with flat heavy wooden planks with a trap door for 
pouring in the grain and with an aperture for drawing off the 
paddy near the floor of the structure are common in the better 
clas3 households of the Malnad. Circular brick work structures 
like silo towers can also be seen, while elaborate brick work 
granaries which look like elevator bins, constructed in pairs with 
a flight of steps dividing them and serving them both for carry- 
ing up the grain and protected by a substantial roof can also be 
seen with the large landlords. Galvanised iron structures, small 
and large and rectangular or circular in shape, are of recent 
introduction and are found convenient to look after and to keep 
clean. They have the further advantage that the. paddy in 
storage in them does not absorb moisture in the rainy season 
even in the heavy rainfall districts of the Malnad, Damp is 
a serious trouble to guard against and in the larger stores such 
as those belonging to Grain Banks which have to hold paddy in 
storage for many months, much paddy in contact with the floor 
and walls becomes mouldy and is ruined. Floors will have to be 
elevated on pillars to clear the ground and the walls well 
protected by projecting eaves against the rain. The ravages of 
bandicoots is another serious trouble and unless the floors and 
the lower portions of the walls are of hard concrete and rein- 
forced with iron materials like close-meshed expanded metal, 
these animals can burrow under and through the floor and do 
great damage. The storage moth is another pest ; clean smooth 
walls and rounded corners will afford less lodgement to this pest, 
although cleaning every time the bin is emptied is one of the 
chief means of keeping out this pest. This is further referred to 
under ' rice pests.' The storage of paddy greatly improves the 
cooking quality of the rices. Fresh and new rice is difficult to 
cook in the proper way and gets generally into a pasty condi- 
tion, whereas rice from paddy stored for about sis months or 
more cooks in the usual way. The fresh rice contains an active 
enzyme ' a — amylase ' which passes into a dormant stage after 
a certain period of storage. The starch in the rice also appears 
to be altered in some way by storage, as it is found that the 
starch of the old rice is more easily digested than the starch of 
the new rice. 

Husking Paddy. — Bice for consumption is prepared by 
husking or ' hulling ' the paddy either raw or after partially 
boiling it in water ; the latter is generally referred to as ' par- 
boiled ' rice. The husking is performed by pounding with iron- 
shod wooden pestles in a stone or wooden mortar by hand. The 
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pestle may form one arm of a wooden lever mounted on a stout 
short piece of timber fixed near the mortar in the ground, which 
is lifted and dropped by applying pressure on the other end of 
the lever. This is managed by pressing the end of the lever 
with the foot and removing it alternately ; or by the coolie 
jumping on and off alternately from this end. Paddy is also 
husked by putting it through a wooden grinding mill somewhat, 
like the domestic grinding stone mill. The two halves are each 
about nine inches high and 27 inches in diameter, and the husk- 
ing surface is grooved closely about half inch wide and herring- 
bone-fashion. As the wood wears new grooves are cut and thiB 
is repeated until the sections become too reduced in thickness to 
be of use. All these methods have however largely given place 
to rice hulling by machinery and these rice mills are studded all 
over the rice growing tracts and may be said to handle practi- 
cally the whole of the produce. In these mills, especially the 
larger establishments, the paddy is cleaned and hulled and the 
whole rice, separated from the broken rice and bran, is also more or 
less polished. In the hand-pounded rice considerable bran still 
adheres to the rice and this certainly increases its nutritive 
value ; in the machine milled rice this layer of bran is removed 
almost entirely and in foreign countries the rice is further 
polished and glazed by the use of talc powder which has to be 
washed and removed before the rice is used for cooking. 

Haw and parboiled rice. — Eaw rice is the form in which 
rice is largely consumed, by the higher classes alone in cert.iin 
districts but elsewhere by everybody. In South India the custom 
is to ' parboil ' the paddy ; the poorer classes invariably eat only 
' parboiled ' rice and the upper classes consume it either as raw 
rice or ' parboiled ' rice. In the Tamil districts and in Malabar 
the custom is for nearly everyone to eat rice oaly as ' parboiled ' 
rice. 

In the parboiling of rice part of the constituents of the 
layer between the husk and the rice kernel pass into the body 
of the kernels. The total nitrogen of the rice increases there- 
fore by parboiling, as compared with raw rices. The percentage 
of phosphates however remains unaffected. "With the same 
degree of milling, parboiled rice is richer in nitrogen and 
phosphates than raw rice. Furthermore whether polished or 
unpolished parboiled rice loses less nitrogen and phosphates 
than comparable samples for raw rice and similarly less of water 
soluble constituents pass into'' the ' cunjee ' (or the liquid portion 
of cooked rice) in the case of parboiled rice. 

Quantity of irrigation water for rice, — The duty of water 
for rice is taken at varying figures depending upon the duration 
of the crop, nature of the rainfall, the aspect of the country 
and on the source of the irrigation, whether from tanks or 
river channels drawn from rivers. The duty varies from 50 
acres to 100 acres which is the figure expressing the number 
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of acres that can be irrigated by a flow of one cusec, through 
the growing period. The average for tank irrigation may be 
taken as 70 acres. 

Certain experiments to find out if the use of water can 
be economised without detriment to the yield were conducted 
on the Hebba-1 Farm, Mysore. Comparisons were made of 
irrigation given once in 3 days, once in 5 days and as often as 
may be necessary which meant in practice continuous irrigation. 
They were conducted both in respect of a summer and of a rainy 
season crop. The quantity of irrigation water in acre-inches 
required to grow a crop of rice ia of course a variable figure as it 
will depend upon the season, the duration of the crop, and the 
nature of the soil. The following figures relating to the 
quantities of water used give an idea of the requirements of 
rice in acre-inches. The water was in each case measured 
exactly as it was let out from cisterns of definitely measured 
capacities. The rice fields of the Farm are tank irrigated and 
flat and the soil a black clayey loam. The irrigation period 
varied from 100 to 130 days from transplanting to harvesting 
and the quantity of water in the different treatments varied as 
shown below. — ' 



Bainy season crop 



Summer crop 



Ho. of irri- 
gations 



Aore-inohes 

including 

rainfall 



No. of irri- 
gations 



Acre-inches 

including 

rainfall 



Irrigated whenever neoessary 
Irrigated eyory three days 
Irrigated every five daya 



58 


158 


48 


34 


106 


28 


19 


65-3 


20 



135 

02.5 

62.5 



Note. — There was a rainfall of 13'42 inches for the rainy season 
crop and of 6' 92 in the summer crop. 

The yield of grain was certainly reduced by reducing the 
number of irrigations, but the difference between the three days 
interval and the five days interval was neither large nor consis- 
tent, as shown below : — 





Grain per aero ia lbs 




Bainy season 


Summer 


Irrigated as often as necessary. ... 
Irrigated once in three days 
Irrigated once in fiye days „. 


1920 
1610 
1680 


8610 
8230 
8210 



Pests and Diseases. — The insect pests of rice comprise 
those which attack the growing crop and those which attack 
the stored produce, whether paddy or rice. Among the insect 
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pests of the growing crop, some are Berious in the nursery and the 
young transplanted crop, others during the period prior to the 
heading out of the crop and still others when the crop is fully 
in earheads. 

In the western parts of Mysore the rice grass-hopper — Hiero 
glyphus banian, Tel.~is the most serious pest of the young crop, 
the leaves being completely eaten off and the crop seriously 
damaged if not ruined, necessitating a resowing or transplanting. 
Prior to getting into the rice fields the young hoppers live on 
the grass growing on the dividing bunds of the rice fields, The 
remedy is to drag a grass-hopper trap bag over the affected field 
and kill the hoppers which fall into the bag in hundreds. In 
the summer the field bunds are scraped and dug to expose and 
kill the egg masses. By this means a great reduction is effected 
in the brood which may emerge during the following crop 
season. 

The rice case worm (Nymphula depunctalis) is another pest 
of the young crop, especially after transplantation. The grubs 
of this insect eat the green chlorophyll of the leaves and reduce 
them to whitish skeletons justifying the name ' Kokkare roga ' 
(which literally means the ' crane disease ') which is given to it 
in Mysore. Bits of the leaf are cut off and rolled round into 
thin cylindrical rolls of abrat one or one and a half inches in 
length and the larvBe shelter themselves in these rolled up hits 
of leaf and float on the surface of the water in the field. A 
simple remedy is to spread a thin film of kerosine oil on the 
water by keeping a rag soaked in kerosine at the opening 
through which water is let into the plot and retain this film for 
a day ; the larvas are killed by this process and are then swept 
aside and removed. 

The beetle pest (Leplispa pygmoea) is a serious pest in 
some years on the young crop in the Malnad districts. No 
suitable control measure has been worked out. 

The rice hispa {Hispa armig era) is another beetle pest of 
the young crop ; the grubs are leaf miners and eat the green 
matter under the epidermis of the leaves. The adult beetles 
also damage the leaves. In the nursery stage the spreading of 
a film of kerosine oil over the water in the plot and sweeping 
up the larvee is recommended to rid the field of the larvas, 
while in the adult stage the beetles have to be c'aaght in hand- 
nets and destroyed. When the pest gets on to the transplanted 
field it is too widespread to be tackled in this way and no 
satisfactory remedy has been worked out. 

The 'army worm' of rice — Spodoptera matirita — is a cater- 
pillar pest which is very destructive to the young crop. They 
appear in enormous numbers, and work from field to field^ leav- 
ing a wake of complete destruction of the young crops. No 
satisfactory remedies have been worked out, but on a small scale 
the progress of the caterpillars from field to field can be prevented 



THE GRAIN CROPS — RICE 33 

by digging trenches across the line of march, by flooding the 
field and sweeping the ca|«$pillars up and, as a preventive, by 
cleaning up the field bund|£ and destroying egg masses. 

The 'stem borer 1 ' .—^Schoinobius incertellus—\$ a pest attack- 
ing the crop at a later stage though the young crops are also 
known to be attacked sometimes. The grub bores into the 
stem and kills the shoot, the commonest outward sign being the 
drying up of the young earhead which shows white in the midat 
of the crop. The simplest remedy is the use of light traps. 
The moths are attracted in large numbers and perish ; as a 
large number of female moths, both before oviposition and after, 
are attracted to the trap, this remedy is fairly effective in prevent- 
ing the increase of the pest and, if carried out at an early stage, 
will be a very good means of control. 

The 'rice bug'. — Leptocorisa acuta— is a pest which attacks 
the crop at the earhead stage. The bugs suck the juice of the 
young earheads with the result that the grains do not develop or 
develop only partially. .Remedies applicable on a field scale are 
not known. 

The ' rice gallfly ', — Paohydipbsis oryza — gives rise to the 
curious malformation of the earhead called 'silver shoot'. 
Instead of the familiar branching panicle of rice, a stiff thin 
cylindrical growth ashy white in colour emerges in which the 
young grains appear as though' they were glued together, The 
maggots of the fly bore into the stem and attack the shoot on 
which they produce this growth as the 'gall', which comes out 
in the place of the normal earhead. In nature the pest is kept 
in check by its parasitic enemy— a species of Polygnotus — and it 
is only when these diminish in number that the pest assumes 
any importance, 

A caterpillar pest, which has not been identified, attacks the 
crop in almost all stages and causes much damage in Coorg. 
The only remedy which the cultivators have themselves devised 
is to kill the caterpillars at the different weedings ; for this 
purpose the weeding coolies tie a rag oc a gunny piece over their 
hands like a glove and squash up the caterpillars. 

Fungus diseases. — Among the fungus diseases to which rice 
is subject, the most serious is 'paddy blast' — caused by the 
fungus Pirioularia orzyce. The disease appears on the leaves 
in the beginning as brown spots and streaks which gradually 
increase in size. Later when the earheads appear, the base of 
the earhead becomes affected, dries and breaks down or the 
glumes themselves are attacked. In either case no grain sets and 
the earhead contains only chaff. If however the earheads are 
early and the grains have passed the milk stage before the 
disease appears, then the loss is not so great. In an infected 
field the spores can remain in a viable condition even after the 
harvest in the stubble for as long as even'six months. On such 
fields therefore the stubble and the underground parts should be 
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gathered and burnt when next the Jand is prepared for the 
succeeding crop of rice. Varieties show great difference in 
regard to their susceptibility to the disease. The coarse 
varieties and the short duration varieties are more resistant than 
the finer and the long duration varieties. A great predisposing 
cause is too luxuriant vegetative growth consequent upon heavy 
nitrogenous manuring. Corners of fields adjoining cattle sheds 
in which the drainings from the sheds flow or collect are some- 
times found attacked while the others and higher parts of the 
field are free. One remedy lies therefore in avoiding such heavy 
manuring. It may be necessary to give up susceptible varieties 
and grow only resistant varieties. 

The next disease of importance is Helminthosporium oryece. 
This is also characterised by small brown spots on the leaves 
and, when the disease is advanced, by a blackening of the nodes, 
the neok of the earhead and the grains. Barheads may fail to 
emerge at all. The fungus spreads through* spores borne on the 
leaves, stems and grains, aud the mycelium itself can lie dormant 
in the seed, from which the succeeding crop may be infected. 
The fungus attacks crops already weakened by lack of manure 
or other adverse conditions. Remedies lie in a change of seed 
from a healthy locality and in maintaining favourable conditions 
such as adequate manuring, cleanliness, etc. 

Other diseases attacking rice are Sclerotium oryzse, False 
smut or Ustilaginoidea virens, and Ephelis oryzse but these are 
neither widespread nor cause any serious damage. 

Chemical composition of rioe The chemical composition of 

rice, both raw and parboiled, and of different kinds, is as below : 



Water 



Albumi 
noids 



Rice 
Rice 

Do raw, home-pounded ... 

Do raw, tallied 

Do parboiled and homo 
pounded. 

Do par-boiled and milled ... 

Do white "puttu" glutinous 

Do black glutinous 



10-9 
12-8 
12 '2 
18-8 
12-6 

m 

IS'0 
12'8 



Pats 



T-8 
8-fl 
69 

8-5 

6-4 
7'6 
7-7 



0-9 
06 
06 
CM 
0'6 

CM 
0-4 
1-8 



Carbo- 
hydrates 



Fibre 



82'i 
78-3 
78'0 
79'2 
77 -i 

791 
78-j 
76-7 



0'U 
0-4 
06 



0'07 



Ash 



VI (Gollinn) 
6 (Ohuroh) 
0-7 (Aykroyd) 
0-6 
0-9 

0'8 
CM 
I'd 



Rice is eaten in various forms. The commonest form is as 
boiled rice, and with the liquid portion drained away. Rice is 
also prepared without draining away this liquid, but this is only 
to a small extent. Ground up into flour and mixed with the 
flour of blackgram it is made up into pancakes and the steam- 
baked preparation called ' iddali ' in South India. Mixed with the 
flour of other pulses it is made into numerous other dishes. 
Kice is prepared into a kind of puffed product like popped corn ; 
it is also made into thin beaten flakes and in both form 
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is much consumed especially during travel, 
these latter forias is as below : — 



The composition of 



I 
Water 


Albumi- 
noids 


Pats 


Carbo- 
hydrates 


Fibre 


Ash 


Puffed rice 
Beaton rioe 


14-7 

12-2 


7-5 
6-6 


O'l 
V2 


74'5 
78-2 


... 


3-l(Aykroyd) 
V8 Bo 



Bice straw is an important fodder and in all rice growing 
tracts is almost the sole fodder. In the ragi-grpwing tracts 
however it is considered very poor and much less nutri- 
tious than ragi straw. Rice straw has fee following 
composition .-—Water 8"5, albuminoids 1'2, fat 1'8, carbohydra- 
tes 47'0, crude fibre 25"7 and ash 15'8 (Collins). 

Production and Trade. — The total area under rice in India 
is (39,455,000 acres, exclusive of areas in the States, which 
amounts to 4,042,0®0 acr,;s, making a total of 73,497,000 acres. 
The areas, in the larger British Indian provinces are Bengal 
22,200,500, Madras 10,140,831, Bombay 2,036,984, Bihar 
9,512,000, United Provinces about 7,100,000, Central Provinces 
about 5,760,000, the Punjab about 1,100,000 and Sind about 
1,100,000 acres (1937-38). The larger Indian States have the 
following areas : Mysore 707,670, Hyderabad 1,125,913 and 
Travancore 652,615 acres. 

India does not grow enough rice to meet its requirements 
and large quantities have to be imported every year. The imports 
are mainly from Burma and amounted in the year 1939-40 to 
3,339,338 tons of paddy (rice in husk) and 1,887,298 tons of rice 
valued at two crores and seventeen crores of rupees respectively. 
The exports amounted to 4,236 tons of paddy and 262,494 tons 
of rice. 

The Mysore State depends to a large extent on imported 
rice. During the ten-year period from 1927-28, the imports 
have been on the average about 52,000 tons of rice, the highest 
being in the year 1935-36,?^., about 80,000 tons. 



II. RAGI (Eleusine coracana) 

Vbbnaoulae Names : Kanmda — Eagi; Tamil— Kklvabaqo ; 
Telugu— Eagalu ; Malay '«ton---Mu"TTABi ; Hindustani— Ragi. 

Special characteristics.— -Ragi is the most important grain 
crop of the Mysore State; it occupies more than one third of the 
whole cultivated area of the State, and in extent is almost equal 
to the area under the same crop in the Madras Province. Eagi 
has many valuable features which mark it off sharply from the 
other food grains of the world. It is one of the hardiest of the 
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crops suited for dry farming that can be thought of. It can 
grow under conditions of very low rainfall, and can withstand 
very severe drought, reviving again with a good shower of rain 
with remarkable vigour. It is a grain of great nutritive value 
and is considered more sustaining to people doing hard physical 
work than any other grain. It can be grown both as a dry crop 
and' -under irrigation. Yields under dry cultivation are much 
higher than from other dry-land grains and, under irrigation, high 
yields approaching sometimes that of rice are obtained. The 
crop is remarkably free from pests and diseases and the grain is 
likewise free from the pests and diseases which usually attack other 
stored grains. Eagi grain can be stored for long periods of 
several years fip to even fifty without damage, if only it is stored 
in places and receptacles not subject to damp or wetting by 
water. Its straw is a valuable fodder greatly esteemed in the 
Mysore State, both for working and milking animals. Both dry- 
land ragi and irrigated ragi give abundant straw, although only 
the former is much used as fodder. The straw of the irrigated 
ragi is too coarse and only the soft parts are eaten by cattle. 

The area under ragi in the Mysore State is about two and a 
quarter million acres, nearly the whole of which is grown as a 
dry crop. Outside of the Mysore State the crop is of some 
importance only in the Provinces of Madras, Bombay, Bihar, 
the United Provinces and the State of Hyderabad, which grow 
2,600,000, 600,000, 600,000, 250,000 and 71,000 acres, respec- 
tively. Over one-third of the total area under ragi in the whole 
of India is situated in the Mysore State. 

Rainfall. — Ragi is grown as a dry crop in regions where 
the rainfall ranges from 20 inches or 22 inches to 35 inches. In 
regions of higher rainfall such as the malnads of the Mysore 
State, ragi can be grown only on the uplands where water does 
not stand and sown or transplanted a little after the full force 
of the South-West monsoon is over, say, about the middle of 
August. Varieties are available which can withstand somewhat 
heavy rainfall. It is seldom however that it is grown in this 
way, as rice is the crop usually grown in such tracts. If the 
rainfall is below 20 inches or even when higher if it is concentrated 
in the North-East monsoon, ragi cannot be grown as a dry crop 
but is grown under irrigation. The yield of ragi under dry 
cultivation is positively correlated with the total rainfall in the five 
months July to November and as regards the months of rainfall 
in this period the correlation is with the rainfall of the two 
months of October and November. 

Soils. — As regards soils suitable for ragi, ragi is the grain 
crop mainly of the red and light red, ashy coloured, loams and 
sandy loams. Heavy black cotton soils are not suited to ragi 
although on the somewhat lighter types very good crops can be 
seen. The practice however is to put all such black soils under 
jola as the main crop. Eagi does* well generally on the better 
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class of soils, f ree from stone and gravel, of good depth and well 
prepared. Rough, stony and gravelly land is not utilised for ragi. 
The root system is remarkably extensive though somewhat shal- 
low; and only good soils possess the proper texture and the 
moisture holding capacity required for this purpose. Ragi is 
however grown on somewhat clayey soils also, in fact in the 
same kind as is favoured for rice, with which it sometimes forms 
part of the rotation. 

The red ragi soils of Mysore form the predominant type of 
soils in the Mysore State, which with some marked alterations 
here and there and the notable exception of the black cotton 
soils, form the soil cap of the Mysore plateau. They are 
characterised by depth and uniformity in colour and texture. 
They are mostly underlaid by unweathered whitish clayey 
material, the decomposition product of the gneisses and granites, 
which are the main rocks of the State. Even where light ashy 
coloured, somewhat sandy soils form the type, the red soils are 
found to underlie them as subsoils. They are all typical loams. 
During the rainy months, water penetrates to a depth of six feet 
and more and the soils may become almost saturated. The 
water-holding capacity is not very high and amounts to roughly 
21 per cent. They retain the moisture with considerable tenacity 
and even when the top six inches are quite dry in the hot 
weather with as little as 2 per cent moisture, the lower layers 
retain moisture up to 12 per cent. "When dry and in the hot 
weather they set very hard and hot weather ploughing to any- 
thing but a few inches is difficult. If however the soils are 
ploughed up immediately after the harvest, then moisture in the 
lower layers is retained up to 17 per cent as against 12 per cent 
in the unploughed fields. Soils under cultivation show a sharp 
difference between soil and subsoil in colour. The soils are 
highly ferruginous which accounts for their red colour; very bad 
types contain much fine ferruginous clay which makes them set 
very hard when dry and difficult of permeation for rain water and 
later for drainage. In chemical composition, they are characterised 
by a rather low content of all plant foods. The nitrogen varies 
from 0'028 per cent to 0'081 per cent, the phosphoric acid from 
traces to 0"09 per cent and the potash from 0'14 per cent to 
0'47 per cent and the lime from 0'2 to 0"4 per cent. It is 
obvious that the soils should be considered low in fertility and 
good crops can be grown only with liberal manuring, The 
mechanical composition of some of the soils show clay ranging 
from 7 to 10 per cent, silt from 10*7 to 13'4 per cent, sand from 
58"3 per cent to 70*4 per cent and gravel from 7'5 to 14' 6 per 
cent, 

Seasons, — Bagi is sown in more than one season. As a dry 
crop an early season ragi is sown in the early rains of April or 
early May. This is in tracts of early rainfall in the western 
parts of the Districts of Mysore and Hassan. This is known as 
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" kar " ragi and it matures about a month earlier than the maid 
season ragi. If the early rains are not received in time or the 
fields are not prepared and kept ready, the sowing season is 
shifted forward and what is called " Yedekar" ragi is sown. 
Besides these two ragi sowing seasons, there is the main ragi 
sowing season, which normally is in the middle or early part of 
July, but which on account of lack of timely and sufficient rain has 
often to be put off till the end of August ; this is the latest season 
for sowing dryland ragi. The types grown in this season are 
called "Hain", and they take a longer time to mature and are 
generally better yielders. Then come the irrigated ragi types. 
These are grown either as hot weather crops or as monsoon 
crops. They are both however early types. The hot weather 
ragi is transplanted about the month of February and the mon- 
soon season ragi is sown like the Kar and Yedekar ragi in the 
early season rains. Such ragi is raised on rice land, as a quick 
growing grain crop and is followed by a crop of rice itself. It is 
also cultivated under tank irrigation under tanks which do not 
receive supplies of water until very late in the North-East mon- 
soon ; the ragi is raised with the help of such rainfall as may be 
received supplemented by the tank water if available. Under 
these tanks ragi is the crop grown in the monsoon season, and 
the rice crop follows in the hot weather. 

Special Dry Farming Practices, — 'The methods of cultivation 
of ragi adopted in different parts of the Mysore State illustrate 
the principles of "dry-farming", and are all well designed to 
conserve rainfall and soil moisture so as to reduce, as far as 
possible, the risks of crop failure. For example, the practice of 
ploughing the dry fields immediately after harvest is universal in 
tracts where crops are harvested early and further rains permit 
of such ploughing. By this method not only is the soil moisture 
conserved against the drying action of the following hot weather 
but the soil is left in such a condition as to soak up, without loss 
by surface drainage, the very first rains of the succeeding season. 
Wherever the nature of the soil will allow of such ploughing 
after harvest in the hot weather it is adopted, in the belief that 
such ploughing almost amounts to the application of manure. 
Where the soil is too hard to take the plough, the heavy bladed 
harrow is used so that the surface is left with a loose soil mulch 
on it* Ploughing and cultivating are many times repeated 
to obtain a very good tilth before sowing, to prevent 
weed growth and to conserve moisture after every rainfall. 
The seed is invariably sown in rows for facility of thorough 
interculture by means of bullock implements; considerable 
thinning of the crop and thorough weed removal are 
secured so as to reduce the drain on the soil moisture 
and to husband it for the use of the crop. Seed is often 
sown mixed with manure so that the seedlings obtain a good 
start. If the soil is loose and blowing, then it is firmed up Or 
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slightly compacted after sowing so as to bring up the moisture 
to the germinating seeds, by the curious expedient of driving a 
herd of sheep rdnnd and round over the field. Crust form-ition 
on the sprouting seed is broken up and loss of moisture prevent- 
ed. There is furthermore the system of mixed cropping Which 
is very general and in which a pulse crop like ' togari ' or ' avare ' 
is sown along with the ' ragi ' ; by this practice the best use is 
made of the rainfall. If the rains are unfavourable for ragi, they 
often benefit the ' avare ' or the ' togari ' and viae versa., so that 
some one crop is obtained even with a poor or untimaly rainfall 
and a total crop failure is guarded against. 

Rotations. — 1. For Drylatid Ragi. — A good proportion of the 
ragi grown in the main ssason, i.e., ' hain ' ragi, is grown without 
any definite rotation. The practice of growing mixed crops of 
ragi and avare, i.e., a cereal and a legume which is very general 
probably avoids the need for a definite rotation which may other- 
wise be necessary. In recent years however owing to the popu- 
larity of the groundnut crop, it has become the custom to rotate 
ragi with groundnuts. It is also usual to sow an early crop of 
'gingelli ', fodder jola, or green gram, and follow it with horse- 
gram in the first two cases and with fodder jola in the third case 
and then sow ragi in the following year. In this way two minor 
crops are grown in one year and the major crop viz., ragi is 
grown in the following year. Very often owing to the 
great delay in the rains, the sowing season for 'hain' ragi is 
missed or if ' hain ' ragi was sown and becomes dried up for 
want of rains, then a crop of horse gram or a minor grain crop 
like'baragu' is raised in the late rains, and is followed in the 
next year by ragi. In the 'kar' ragi tracts where it is generally 
possible to raise two crops in the year on the same field, several 
rotations can be made out. In the jola growing tracts, ragi 
is rotated with jola. Jola is grown together with a mixed crop 
of ' togari ' and in the next year is followed by ragi. A favourite 
rotation is to follow jola or ' kar ' ragi in the same year with a 
second crop of horse-gram and ' Hutchyellu ' (niger) and then 
with either jola or ragi in the following year. Similarly 
' gingelli ' followed by horse-gram and ' hutchyellu ' in the first 
year is succeeded by ragi either pure or with a mixed crop of 
' togari ' in the second year. A. ploughing of the field after the 
harvest of the main crop is an invariable practice, where a 
second crop is not sown. If a mixed crop is not sown along 
with the ragi or jola then the whole field is ploughed. If a 
mixed crop is sown, then the space occupied by the jola or ragi 
alone is ploughed carefully sparing the rows of the ' togari ', 
which is greatly benefited by the ploughing. If a mixed 
crop is grown with ragi or a second crop is grown in the same 
year, then on account of the delay in preparing the field for the 
next year's ragi crop, the latter is transplanted instead of being 
sown, a practice which makes up for the delay. Considerable 
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ragi is also grown in these tracts on the black soils and 
in this case the second crop in the same year is Bengal-gram. 
Other grain crops like ' navane ' (Setaria Italics) and ' save 
(Panicurn miliare) are grown at intervals of two or more years, 
and among economic crops tobacco is grown as the single crop 
of the year, also once in three or four years. On rough land 
castor is grown for two or three years and is then followed by 
ragi. In some districts like Hassan, the practice of growing ragi 
by transplanting is very common and in these tracts chillies, 
American cotton, and tobacco enter into the rotation, generally 
not oftener than once in three years. 

2. For Irrigated Ragi— Irrigated ragi is grown either 
completely under irrigation like a garden crop or with irrigation 
only as supplementary, as : in the cases where the ragi crop is 
grown on wet land under tank irrigation. In the latter case 
the rotation crop is only rice, or on a small scale sugarcane also, 
either of which follows in the hot weather following. In the 
former case, i.e., where the ragi is grown as a garden crop, a variety 
of crops enter into the rotation, out of which one or other is 
grown according to the individual farmer's choice. It is 
generally a money crop which may happen to be the most paying 
at the time. These crops comprise tobacco, sugarcane, sweet 
potatoes, maize, chillies, brinjals, turmeric, groundnuts, chrysan- 
themums, potatoes, onions, etc. There is however a certain 
amount of specialisation in the different tracts, and one or other 
of these constitutes the chief rotation crop or the one special to 
that area. I?or example, in the Mysore State, potatoes and 
onions are special to the taluks of the Bangalore and Kolar 
Districts, turmeric is special to (iioribidnur, chrysanthemums 
to Malm - , and tobacco to Sira, Madhugiri, Goribidnur and 
so on. 

Preparation of the Field. — The soil for ragi is prepared as 
thoroughly as possible. The first ploughing takes place as 
already referred to, immediately after the harvest of the previous 
crop. Where the soil becomes too hard to take the plough, a 
shallow stirring up at least should be given by means of the 
heavy ' kunte ' (bladed harrow) or a disc harrow. In view of the 
decided advantage which the ploughing or stirring of the soil at 
this season affords to the succeeding crop of ragi, it is a practice 
which is strongly to be recommended. If the land is thus 
ploughed or stirred, the ploughing proper can begin with the 
very first shower of rain. Otherwise a good soaking rain will 
have to be awaited and the ploughing commenced only there- 
after. With every succeeding rain the ploughing is repeated, or 
in the alternative the ' kunte' is worked. The improved mould- 
board ploughs are a great advantage and effect considerable 
saving in the number of ploughings required, A like saving Can 
also be effected by using an iron six-shovel cultivator for the 
subsequent working of the ploughed ground. By these means 
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the field is stirred completely to the depth required and in case 
the improved ploughs are used, the soil is also inverted and the 
roots of weeds out and exposed to the sun. The clods are also 
broken and the weeds freed from them and brought to the 
surface. The further working with the cultivator or a toothed 
harrow gathers the weeds which now should be burnt. Manure 
is now spread and mixed either by ploughing again or by work- 
ing the cultivator. Where these improved implements are not 
in use, it is usual to apply the manure after the land has been 
ploughed twice or thrice and then to give on3 or two additional 
ploughings to work the manure well into the soil. The seed bed 
is usually very thoroughly prepared and looks exceedingly clean 
and in very good tilth. Immediately prior to the sowing, the 
field is worked with a light wooden-toothed harrow and the 
surface made quite fine and level. 

Manuring. — As ragi is the main food crop of the farmer, 
ragi fields are manured to the fullest capacity of the stock on the 
farm and is further supplemented in various ways such as by 
the carting of silt from tanks, of fresh red soil from spots con- 
sidered fertile and of earth from old village sites and mounds 
which have considerable manurial value and lastly by the penning 
of sheep. During the rainy months when the crop is on the 
land, a good deal of red earth is carted on to the manure heaps 
or pits and the dry leaves of the autumn are gathered and added 
and the whole turned over several times and kept covered up 
with more earth. In this way the manure is increased in 
quantity and improved in quality. During the hot weather, 
tank silt from dry tank beds is largely carted on to the fields and 
the soils thereby improved both in physical condition and in 
fertility, the village tank too benefiting incidentally in the 
process. The penning of sheep which is a common practice in 
the tracts where sheep are largely kept such as in parts of 
Tumkur, Hassan, Mysore and Ghitaldrug, is a favourite form of 
manuring both for dry land crops as well as for valuable irrigated 
crops like sugarcane, tobacco and so on. The amount of cattle 
manure applied may vary from fifteen to twenty cart-loads per 
acre which may be supplemented by another ten to fifteen cart- 
loads of silt or red earth, Cattle manure is applied not only 
when the soil is being prepared as described above, but in 
certain tracts it is used mixed with the seed and applied in 
furrows at sowing time. Artificial manure and oil-cake are also 
applied and the latter is usual in several villages. It is applied 
at a later stage when the inter-cultivation is coming to an 
end. The use of artificial manure is hindered by the considera- 
tion that in the case of dry land ragi, the rainfall may turn out 
to be poor and thus render the costly manuring infructuous. 
This does not apply of course to irrigated ragi. With a basal 
dose of four, cart-loads of cattle manure per ^acre, a mixture 
consisting of 50 lbs. of sulphate of ammonia and 40 lbs, of 
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superphosphate of lime is recommended per acre, to be applied 
at the time of the first weeding. 

In view of the very low organic matter in the ragi soils and 
the groat need for enhancing it so as to make the soils more 
receptive and retentive of moisture, the question of growing a 
green manure crop and ploughing it in has been studied. It will 
be possible to grow a sufficient quantity of some green manure 
crop like sunnhernp or one of the pulse crops, if these can be 
.sown early enough. This can be done only if the soils had been 
ploughed after the harvest of the preceding crop. In that case 
a green manure crop can be sown in April or early in May, 
which may make a moderately sufficient growth to be ploughed in 
in the month of July. It has been found that an interval of 
about two weeks is required before the green material disinte- 
grates in the soil. As ragi can be sown almost up to the end of 
July or even the first week of August, it will often be possible 
to adopt this practice of growing a green manure and ploughing 
it in for dryland ragi. 

Soioing Methods. — 1. Drilling and types of seed-drills. — 
Eagi is sown broadcast or in rows through seed-drills or in 
shallow furrows, or may be transplanted. By far the commonest 
method in Mysore is to sow it in rows through drills or in 
shallow furrows. Seed-drills are made of more than one size, 
some sow twelve rows and have twelve seed tubes and tynes. 
Others sow six rows and others again only three rows. The two 
latter types sow rows much wider apart than the former, 
viz., at about 10" apart as against 5" or 6" of the twelve tyne 
types. These seed-drills are all construtced on one common 
pattern but differ slightly in detail. They consist of a piece of 
timber roughly rectangular in section and about 4"x(5", and in 
length varying from 3' to 6' according to the type. Holes are 
bored through this timber at equal distances according to the 
width of the rows it is intended to sow, that is, either 5" or 10". 
Into these holes are fitted the tynes which are about 6" to 9* 
in length and are made of bamboo hollows about one inch in 
diameter. The lower or free ends of these tynes are cut 
slopingiy. These tynes make the furrows-and also pass the seeds 
into the soil in the furrows, and the sloping cut at the end 
prevents the earth from clogging the end and stopping the flow 
of the seed. This arrangement is for the lower portion of the 
drill. At the upper end of the holes in the timber are connected 
the seed tubes which communicate with a seed bowl mounted at 
the top of these seed tubes. These are generally hollow bamboo 
with the inner partitions at the nodes knocked through; 
occasionally metal tubes can be seen substituted for the bamboo. 
These seed tubes, twelve or six or three in number according to 
the type of the seed-drill, converge at the top and communicate 
with tbe seed bowl, each tube with one hole in the bowl. The 
seed bowl is a piece of hard wood shaped like a pair of stemless 
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funnels connected together hour-glass fashion. Through the 
constricted centre at the bottom of the top funnel are bored 
holes in a circle as many in number as the rows which the drill 
is intended to sow*. It is with the lower end of these holes that 
the top ends of the seed tubes are connected. The bowl is 
placed firmly over the seed tubes and the whole arrangement is 
tied up by means of ropes, which pass through rings and holes 
on the timber and the seed bowl at appropriate places. When 
so tied up, it forms a rigid enough implement The timber is 
provided with a pair of light yoke poles for bullock draft. 
Variations are seen in the tynes, which are sometimes hollow 
and serve both for opening the furrow and passing the seeds 
through, and sometimes are solid and serve merely as furrow 
openers, the seeds in this case dropping merely through the 
holes in the timber into the furrows. In some an extra hole is 
provided in the timber which communicates slantingly with the 
hollow tyne and is made use of to pass a thin rod through 
occasionally and clean up the tyne and prevent clogging. In 
others there may be a 'line marker 1 at either end placed at half 
the distance between the tynes, which is merely a solid rod or 
peg and which marks the tracks along which the marker is to 
travel when the drill turns round and sows a second strip. The 
size of the seed bowl and of the holes therein are varied accord- 
ing to the kind of seed that has to be sown, being larger for jola, 
rice, cotton and groundnuts and small for ragi or gingelli and 
'navane', etc. When rigged up complete the instrument stands 
about three to three and a half feet high just about high enough 
for feeding the seed into the bowl from the seed bag or basket 
tied to the waist of the person sowing the seed. . Another little 
drill frequently employed is the 'sadde' which sows only one 
row and which is used as an adjunct to these drills and some- 
times also independently when required. This 'sadde' consists 
of a seed bowl like a large crude funnel communicating with a 
single seed tube tied behind one of the tynes of the larger drills; 
it sows the mixed crop at the appropriate distances. Independ- 
ently it is tied behind a plough and sows seeds in the furrow 
made by the plough and is made use of for sowing rice, castor, 
groundnuts, etc., in drill rows. 

The field having been prepared thoroughly for sowing, ragi 
is drilled through one or other of these drills. Three persons 
work at the drill one to drive the bullocks, one to sow the grain 
and one to sow the mixed crop. With the twelve tyned drill the 
' sadde ' is tied to the middle of the drill and the result is that 
eleven rows of ragi alternate with one of ' avare ' — the mixed 
crop usual in these tracts. With the six tyned drill the ' sadde ' 
sows the last furrow, the appropriate hole in the six holed seed 
bowl being plugged for this purpose, with the result that five 
rows of grain alternate with one row of ' avare ';and in the three 
tyned dri 11 the ' sadde ' is tied to the middle tyne and is used at 



44 PIBLD CROPS OF INDIA 

every alternate journey of the drill along the field, the appropriate 
hole in the three holed seed bowl being plugged at the time. 
This also results in five rows of grain being sown alternating 
with one row of ' avare '. After the sowing is finished a brush 
harrow made by tying together a number of leafy branches in a 
flat layer of about six feet in length n dragged over the field to 
cover the seed and to smoothen the surface. Seeds are also 
covered by working the light bladed ' kunte'. 

2. Broadcast Sowing.— If the soil is somewhat wet and the 
drill likely to be clogged, then seeds are sown broadcast even 
where drill sowing is the practice. Elsewhere seed is sown 
broadcast as the regular practice and covered by a shallow 
ploughing. The mixed crop is then sown by a 'sadde' tied 
behind a plough and drawn at regular distances of about six feet 
from each other. The seed thus sown is covered by ploughing 
another furrow adjacent to the drilled furrow, or by pushing the 
earth into the furrow by the feet. In these tracts the sowing of 
the ragi seed is followed by compacting the surface, for which 
purpose a herd of sheep is driven round and round all over 
the field. 

Other Methods. — Another interesting method is to sow the 

ragi mixed with cattle manure. For this purpose furrows are 

drawn by means of the three-tyned or two-tyned drill, with the 

seed bowl and seed tubes removed. Seed ragi is mixed with 

cattle manure at the rate of about 2 lbs. of seed to a cart-load of 

manure which is of course in a dry and powdery form fit for 

such mixing and sowing. The mixture is filled into a large 

basket tied to the waist of the person sowing the seed, and from 

this it is taken, out and strewn into the furrows in large handfuls. 

The field is then worked with a light bladed harrow and the seed 

covered. A variation of this practice is to put the mixture at 

regular intervals in the field instead of in continuous rows as 

above. The field is worked lengthwise and breadthwise by one 

of the above furrow-making drills and at the intersections of 

these furrows a large handful of the mixture is put in, and the 

field then worked with a light bladed ' kunte ' for covering 

the seed. 

The mixed crop sown with ragi is either ' avare ' or ' togari', 
but it is also common to sow a few rows with fodder jola. This 
jola becomes ready about the month of September when the 
special feeding of the bullocks begins to bring them into condi- 
tion for sale. 

Selection of Seed. — The seed ragi is so liable to be mixed 
and poor in quality that considerable care is necessary in sowing 
seed of good quality. Much mixture of immature, shrunken and 
small seeds is general due to seeds from late formed ear-heads 
and seeds not fully developed for the lack of sufficient rains in 
the later stages. The ragi grain itself is so small that this 
.mixture is not readily noticed. Bisks due to poor seed are guarded 
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against by sowing an unduly large quantity of seed which ia the 
invariable practice. At winnowing time however seed is generally 
taken from the best part of the heap which contains tbe heaviest 
seeds and thorough cleaning is also usual among good cultivators. 
Such seed is not however always available and seed grain is 
bought or borrowed from lots intended for food and is poor in 
quality as seed. It has been found that heavy grains selected by 
the salt-water method — described under Eice — yield a better crop 
than uaselected seed. This procedure is therefore recommended. 
The same object can be achieved by separating the largest grains 
by putting the seed grains through a sieve of suitable mesh ; the 
largest grains are also the heaviest. 

Seed Bate. — The seed rate for ragi is usually very high ; 
about 20 to 25 lbs., of sepds are sown per acre which is really 
some five or six times the quantity necessary. The large quantity 
is used principally to allow for the unduly large thinning which 
takes place during interculturing and to guard against non-germi- 
nation owing to lack of moisture in the soil or the poor quality of 
the seed. Eor the same reason 'avare' and ' togari ' are also 
sown thick, at the rate of about 10 to 15 lbs., an acre. 

Inter culture and After-cultivation.- — Eagi seed sprouts very 
readily without the need for any dormant period ; in fact, grains 
can sometimes be seen to sprout even in the ear-heads if harvest" 
is greatly delayed and a heavy rain should fall at the time. 
Germination becomes poor as tbe grain becomes old and 
especially in the peculiar methods of storage adopted. The grain 
should therefore be tested for germination. A common way is 
to judge from the appearance of the grain and its smell, and 
further to soak a little of the grain tied up in a small piece of 
cloth in water overnight and then keep it moist until the grains 
sprout. A fairly good idea of the germination capacity is 
thereby obtained but it will be advisable to make a regular 
germination test with a proper representative sample of the 
grain. Considerable benefit accrues from a selection of ear-heads 
for seed in the field itself. 

The ragi grain has to be sown very shallow, in depths not 
exceeding an inch or an inch and a half, and this is well accom- 
plished by the light bamboo drills used for the purpose. Efforts 
have been made to improve these local drills so as to dispense 
with the feeding of the grain into the bowl by hand which is 
uneven or sometimes even patchy and replace it by the regu- 
larity of some mechanical means such as by mounting the 
drill on wheels and gearing the feed to the axle. The construc- 
tion necessary for this purpose makes the machine heavy. The 
seeds are sown deeper and the grain is fed too thick. After 
many trials, a small drill for mechanical sowing has been cons- 
tructed in Hebbal, Mysore, which successfully overcomes these 
difficulties and may, if made in large numbers, be cheapened in 
cost considerably. 
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In five days the mixed crop is well above-ground and in a 
week the braids of both ragi and mixed crop are well up and 
visible and interculturing begins very soon after, about the 
fifteenth day after the'sowing. Even before this period, in case 
rain has fallen in the interval and a soil crust has formed, alight 
harrow is worked on the field and the crust broken up. In the 
drill-sown ragi field the interculturing is by alight bladed harrow 
whose blades just straddle the rows of ragi and work close on 
either side ; where the six or three tyned drills have been used 
and the rows are wider the interculturing tool works between the 
rows. In the case of broadcasted fields the interculturing tool 
has two teeth like large chisel points ; these tools are worked 
first along the length and later across the width of the field. A 
good proportion of the ragi and ' avare ' seedlings are uprooted in 
the process and removed along with the weeds, In fact in every 
one of the first two or three of the intercultures a good amount 
of thinning of the fields takes place. Altogether interculturing 
with these bullock hoes is carried out at least three times, at 
intervals of about a week ; after this and about a month and a 
half from sowing a thorough weeding by hand tool3 is given and 
this completes the work on the field till practically harvest time. 
Occasionally if the crop is growing over-luxurianfcly, bullocks are 
let into the field for a light grazing in which the tops are eaten 
off by the animals and the excessive growth is kept down. 

Transplanting Dryland Ragi. — 'Ragi under dry cultivation is 
also transplanted. Much of the ' kar ragi ' and considerable 
' hain ' ragi are both- raised by this method. Seedlings are 
raised in special nurseries and thinnings from broadcast or drill- 
sown fields are also made use of for being transplanted. Fields 
for transplanting continue to be prepared for a longer time than 
when seeds are sown and the transplanting is done after the rains 
have well set in and the soils moistened to a good depth. After 
the field is well prepared, farrows are drawn lengthwise and 
breadthwise, chessboard fashion, by working a cultivator with two 
tynes or the furrow openers only of a three-tyned seed-drill length- 
wise and across the field. At the intersections of the f arrows 
one or two seedlings are planted and some cattle manure is also 
applied. At the same time all blanks in the sown fields are filled 
with transplanted seedlings. Later operations comprise inter- 
culturing at frequent intervals as for sown ragi. With trans- 
planted ragi mixed crops of ' avare ' or tpgari ' are seldom sown. 

Harvesting and Threshing. — The ' kar ' ragi becomes ready 
for harvest about the end of August, that is, four months from 
sowing. The ragi is harvested with ordinary sickles and the 
loose sheaves are allowed to lie on the field for several days as 
there are rains at the time and the sheaves could not be put up 
in stacks. After the stalks are somewhat dry they are put up in 
small field stacks and allowed to remain there till the rains have 
completely ceased and are then removed and put up in large 
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stacks near the threshing floor only about the month of 
November. 

The. main season ragi heads out from the beginning of 
October and is fully in earheads in about a fortnight thereafter. 
The earheads mature and become ready for harvest in about 
forty days and the harvest begins from the middle of November 
and may continue up to the middle of December depending upon 
the variety and month when the crop was sown. The crop 
usually takes about five to five and a half months to mature. 
Harvest is by means of ordinary sickles and the plants are 
cut close to the ground so as not to waste any of the straw which 
is considered very valuable ; the sheaves are tied and put up in 
large field stacks temporarily or carted straight away to be 
stacked. on the threshing floors. Ragi remains in the stack for a 
month or two until the dewy season is over and the weather 
permanently warms up about the middle of February. By this 
time all the mixed crops are also harvested and the threshing 
begins. Themixed crops, like ' avare ' and ' togari ' and the minor 
crops like horse-gram, niger, and 'gingelli' are all threshed first 
and the ragi itself is taken up last. The threshing of the ragi 
is done in one of three ways, viz., by beating out the grains with 
sticks in the manner of threshing under flails, by treading out 
the grain under the feet of oxen which are driven in a team, 
round and round over the sheaves spread on the ground, and 
lastly by working a stone roller over the sheaves. The first 
method is both slow and laborious and requires a good deal of 
manual labour and is unsuited for any but ths very small farmer. 
The sheaves will have to be well dried in the sun and are put 
out until about 1 or 2 p.m. in the after -noon ; they are then 
spread thin .and the earheads are beaten by long bamboos, by 
men in a sitting posture and using both hands with a stick in 
each hand. In the course of three and a half hours two men 
usually thresh out 125 to 150 lbs., of grain. The second is the 
commonest, and until the introduction of the stone threshing 
roller, was the only method in general use. About six to eight 
oxen are tied abreast in a team and are made to walk round and 
round over a thick layer of well dried sheaves which are spread 
circularly on the threshing floor around a central post to which 
the animal in the team nearest to the central post is loosely tied. 
After this threshing there is always a small proportion of ear- 
heads left un threshed which has to be beaten out. A team of 
ten animals with ten men (one to drive the team, one to rake 
the sheaves, four to beat out the grain and two to winnow the 
grain for two days) forms a unit, ami will thresh about 1,200 to 
1,500 lbs., of grain as the result of a day's work. A. good day's 
work with well-filled earheads will amount to about 1,200 to. 
1,500 lbs., of grain (mixed with chaff, etc., to be removed later). 

The stone roller already described under 'Rice' is simpler,: 
and needs only one pair of bullocks and much less co-operation 
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from neighbours. It will also turn out in a day the same 
amount of work, i.e., about 1,200 to ],500 lbs., of grain mixed 
with chaff, bits of straw, etc. The straw from the cattle thresh- 
ing is considered softer and to be better relished by stock than 
the straw from the roller-threshing but practical convenience has 
overcome this objection to the use of the latter which is now 
bidding fair to become the general practice. The threshing of 
the ragi is more difficult than that of rice or of jola, as the grains 
are held much more firmly in the glumes and require consider- 
able pressure; some varieties are however easier and are indeed 
subject to a certain amount of loss by shedding. 

A small American threshing machine called the " Little 
Giant" and driven by a 6'5 H. P. oil engine was introduced in 
Mysore and was worked on the whole with much success. It is 
even now in use in at least one large private farm. A certain 
amount of breakage of grain, and a small percentage of un- 
threshed earheads were the defects in the beginning, but were 
largely overcome later on by suitable alterations. The cost of 
the outfit however puts it beyond the means of individual 
cultivators. 

Yields. — The yield of dryland ragi in good seasons is about 
1,500 lbs. of grain per acre but on the average will seldom 
amount to more than about 900 lbs. The straw of the ragi is 
regarded as highly nutritious fodder and is all carefully conser- 
ved by putting up in large well built stacks. About a ton of 
straw is expected generally per acre. 

Cultivation of Irrigated Ragi. — Bagi grown under irrigation 
is usually a short season variety called ' gidda ragi ' — as 
distinguished from ' dodda ragi ', the main season dryland ragi — 
and this is about a month earlier like the 'kar' ragi. Irrigated 
ragi is sown and raised as already stated, just like dryland ragi, 
an irrigation or two being given when necessary or as a fully 
irrigated garden crop depending entirely on irrigation. In the ■ 
former case it is usually a rainy season crop and both ' dodda ragi ' 
and ' gidda ragi' can be sown, and in the latter case it is a hot 
weather crop and only 'gidda ragi' is sown. The cultivation in 
the first case is more or less as for dryland ragi, with the excep- 
tion of the occasional irrigation. 

The irrigated crop proper is cultivated by transplantation, 
The field is prepared and manured well and then is laid out for 
irrigation into small beds abaut 8' x 4'. Seedlings are raised in 
a separate nursery and a pound of seed ragi will give all the 
seedlings necessary to transplant an acre ; seedlings are left from 
three weeks to a month in the nursery before transplanting. At 
transplanting time the nursery is heavily watered and the seed- 
lings are pulled out and topped and are then transplanted at 
distances of four inches from each other in the beds which are 
also heavily watered, Unlike rice, the seedlings are transplanted 
almost invariably in singles. The beds are irrigated on the third 
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day after transplantation and then once a week regularly ; in the 
case of good retentive soils like the black clayey loams, the 
irrigations are less frequent and are given once a fortnight, 
taking care only that the soil does not crack. At least one 
hoeing with hand hoes is given a month after transplanting and 
then a hand weeding with a weeding hook. The crop comes to 
maturity in four months and is harvested by cutting off only the 
earheads. The straw is grazed down as much as cattle may eat 
and the stubble is cut and stacked to be used for thatch, beddipg 
for cattle, fuel or manure. The earheads are put out to dry and 
the grains are beaten out with sticks. Irrigated ragi on well 
manured lands yields as much as 3,000 lbs., of grain and on the 
average 2,000 to 2,500 lbs. 

Methods of Storage. — Bagi grain in Mysore is preserved in 
ordinary earthenware receptacles like other grains and to a much 
larger extent underground in large pits excavated in suitable 
places inside village limits, within the street itself or in selected 
fields. The chief requirement for such pits is that they should 
be on dry and high ground with no chance for any water to 
percolate inside. They are dug in the shape of a huge pot with 
a narrow neck and may be seven to eight feet deep, sufficient to 
hold 2,000 to 3,000 seers, or 2 to 2£ tons of grain. Both larger 
and smaller sizes are also common. The neck is narrow, about 
18 to 24 inches in diameter just enough to allow a thin person 
to climb down. Before filling the pit with the grain, the walls 
and floor of the pit are smoothened and plastered with cowdung 
paste and are lined with loose straw or with long straw twist. 
The pit is then filled, the neck well plugged with straw and then 
covered over with a heavy stone slab and then with earth in the 
shape of a small but inconspicuous mound. If water does 
not enter, and the pit remains quite dry, the ragi in these 
grain stores lasts indefinitely. Stories are told of ragi 
having been kept even for fifty years without damage. 
But if moisture should get in, then the ragi undergoes 
fermentative changes which result in the formation of ptomaine 
poisons. The stench which emanates when such a pit is 
opened is foul in the extreme and will pollute the air over a 
wide area. Even ordinarily the air inside the pit is tested 
by letting down a fowl before a person ventures to get in for 
taking out the grain. Deaths are reported to have taken 
place as the result of having eaten grain from some pits, 
which are considered to be due to ptomaine poisoning. The 
practice of storing ragi in such pits is however rapidly going 
out as the grain is no longer stored for any long periods and as 
the ordinary grain bag is considered serviceable enough for the 
present periods of storage. Bulk storage in good metallic bins, 
earthernware bins or in suitable rooms or wicker bins are all 
adopted, now that the need for storage over many years is no 
longer felt. 

4 
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Botany and Varieties. — Bagi known botanically as Eleusine 
coracana belongs to the natural order Gramineae, and is a member 
of agroup of grasses which have flattened stems and round nodes. 
They are dwarfish in habit, tiller profusely and bear at the end 
of the culms earheads which consist of a whorl of fingerlike 
spikes two or more (up to six or eight) in number in which the 
spikelets are arranged closely on both sides of a slender rachis, 
two to four inches in length. The spikelets contain from three 
to eight seeds which are very small, often minute in size. The 
seeds show prominently from between the glumes in the culti- 
vated varieties, whereas in the wild species E. indica and E, 
z.egyptiaca the grains are smaller still and are well enclosed in 
the glumes and pales. Theragi flower is invariably self-fertilised. 

The root system of the ragi -plant consists of a remarkably 
large number of strong slender fibrous roots, which radiate from 
the base of the plant all round it. The roots are not much 
branched but make up by the number of primary roots them- 
selves. They permeate and hold the soil so firmly that it needs 
a very strong man to pull out a fully grown ragi plant by its 
roots. The roots are apparently able to absorb moisture very 
thoroughly and efficiently from the soil, as the plants are able to 
live through very severe drought when the soil moisture is very 
low and revive surprisingly after a shower of rain. The roots 
cannot be called deep or wide spreading and are generally not 
more than a foot in depth or 18" in spread. 

The plants tiller profusely and have further the peculiarity 
of sending out branches at each node, one after the other, 
especially if it happens to grow somewhat prostrate and with 
wide spacing ; a trampling down of the plant will have this effect 
and a very large number of bearing stems with earheads formed 
successively and therefore in all stages of development can be 
seen on such plants. This tendency sometimes leads to the 
presence of a number of immature earheads even at the time of 
the harvest. 

The varieties of ragi under cultivation differ in the season or 
condition for which they are suitable, in their period of maturity, 
in the habit of growth, in the size, shape and colour of the ear- 
heads, in the size and colour of the grain, in their yielding 
capacity and the quality of the grain. As regards seasons and 
conditions, two types are sharply distinguished — 'those belonging 
to the ' kar ' ragi and those belonging to the ' hain ' ragi tracts, 
and those suited for irrigated cultivation and those for dry 
cultivation. 

In regard to maturity, the varieties may be distinguished as 
early, medium and late maturing, the period ranging from four 
to five and a half months. In habit of growth some have a 
dwarfish habit while others grow tall and up to about four feet 
in height, In respect of earheads, they are broadly of two types, 
those in which the spikes are curved inwards and have a compact 
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appearance and those in which the spikes are straight and the 
earheads have an open appearance. There is also a special type 
in which the spikes are branched, short and thick somewhat like 
a coxcomb. In both these types there are those which are green 
in colour and those which are deep violet almost dark 
in colour. In these latter, the purple or violet colour is 
seen in the nodes and to some extent in the leaf margins. 
Varieties may therefore be classified aa those with violet 
open, violet closed, green open, green closed, violet coxcomb or 
green coxcomb earheads and again according as they are early 
or late or suited to 'kar' and 'hain ' and so on. Among the open 
earheads more conspicuously, and in the closed earheads less 
conspicuously, varieties differ in the length of the spikes, some 
being as short as two inches, and others quite four inches in 
length. The spikes are well filled or portions of the rachis are 
blank. 

As regards yield, the open types are as a rule higher yielding 
than the corresponding compact types, and the long duration 
varieties are better than the short duration varieties. The open 
types with the long spikes are however liable to shed and to be 
brittle, the spikes breaking during the harvesting, carting and 
stacking. In spite of their smaller yield, therefore, in some 
localities the compact types are preferred on account of their 
freedom from these defects. As distinct from the varieties grown 
in Mysore, North Indian varieties are very poor, both in growth 
and in yield, but have the merit of being very early. 

The varieties grown in Mysore are known by a number of 
local names which are either descriptive of the earhead or bear 
the name of the village from which the cultivation spread. Pure 
strains have been isolated from the best varieties, compared for 
their yield and are now being popularised under different num- 
bers. Some of the main varieties possess the following charac- 
teristics ; — ■ 



Hullubili 

Gudabili 

Karigidda 

Jenumudde 

Madayangiri 

Hasarukambi 

Doddaragi 

Biliragi 

Balepatte 

Karimarakalu 

Majjige ragi 

Do (another type) 
Budrajade 
Jade Shankara 



,. Green open type 
. . Green compact 
.. Violet compact 
.. Green open 
. . Violet open 
.. Green open 

do 

do 

do 

do 

do 
,.. Green compact 
.. Violet oompact 
.. Green compact 



... Medium. 

... Late. 

... Do 

... Do 

... Do 

... Do 

... Do 

... Do 

... Medium. 

... Late. 

. . . Early (white grain) 

Do 
... Coxcomb,irrigated. 
... Do 



A selection which is now generally grown is H 2 2, a selection 
from Madayangiri ragi. H 10 a selection from Hullubili is also a 

4* 
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popular type. Many other types are being put out us the resmlfc 
of the work of plant selection which is continuously in progress. 

Varieties differ in the colour of the grains and in their sizes. 
A deep brown colour is the predominant colour of most varieties, 
but shades of this colour ranging from orange red at one end 
and very deep brown almost black at the other are met with, 
which are varietal characteristics, even making allowance for the 
fact that on storage and on account of rain in the stack the 
colour tends to deepen and change, A distinct type is a white 
ragi in which the husk is also white. There are like variations 
in the size of the grain although this is so only within very 
narrow limite. Differences in quality of the grain are also 
recognised, though to some extent opinions differ in respect of 
them. Some are considered better in taste, others are said to 
give more or less pudding from the same weight of flour, and 
still others are said to yield a pudding of poor consistency 
pudding which cannot be kept overnight and used and so on. 
These are all probably correct and due to variations in the 
composition of the grain, though few investigations have been 
made to test their correctness and to find out the reason. Refer- 
ence may be made however to some work on the comparative 
values of the proteins in brown ragi and in white ragi, in which 
it was found that the growth promoting value of the proteins of 
white ragi is much higher than that of the proteins of brown 
ragi and the digestability co-efficient of the former also likewise 
much higher than that of the latter. 

Pests and Diseases, 1. Insect Pests. — Ragi is a crop which 
is singularly free from pests and diseases. The only insect pest 
of any importance is the hairy caterpillar Amsacta albistriga, W. 
which does considerable damage in the eastern parts of the 
Mysore State. The moths of the caterpillar emerge with the 
advent of rains in May and June and the caterpillars hatch out 
about the time the young ragi comes up on which they prey, as 
they do on other vegetation as well at the time. The remedy 
that has been recommended is the catching of the moths and 
destroying them. The moths are rather sluggish and can 
be easily caught. Little boys and girls can do the work quite 
effectively and in many villages the pest has been kept under 
control in this manner by arranging for excursions by groups of 
school children for the purpose. 

Another pest which like the caterpillar pest attacks ragi 
along with many other crops and vegetation is the jola grass- 
hopper — Colemania sphe?iareoicles — which has the characteristic 
that even in the adult stage it is wingless. The pest has the 
peculiarity that it appears at intervals of a certain number of 
years, which are so regular that an outbreak can be roughly 
forecasted. It is also confined to particular tracts where alone it 
appears every time that there is an outbreak. This is princi- 
pally a pest of jola, but as considerable ragi is also grown in such 
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tracts, ragi is also attacked and serious damage caused. The 
pest appears about the months of May, June and July just when 
the crops are sown and are in a young stage. The young crop 
is defoliated sometimes so badly that a resowing of the same 
crop or a change over to some other one is necessitated. There 
is so far only one remedy known, viz., the catching of the hop- 
pers in specially constructed grass-hopper bags already described 
under rice, and then destroying the catch. As the pest comes 
on in successive broods over a period of two months, the bag will 
have to be dragged over the crop three or four times at inter- 
vals. The pest subsides very much by this time, and all late 
sown crops and what survives of the early sowings escape 
damage. 

2. Fungus and other diseases. — In some tracts ragi earheads 
are attacked by a kind of smut and the grains are filled with 
characteristic black powder. The exact manner in which the 
disease is propagated is not known and the treatment of seed as 
in the case of the smut in jo!a or wheat has not been found to 
be of any use. The disease is however of very little importance 
from the point of view of the loss caused or the extent of the 
country affected. 

Another obscure disease also of very minor importance is 
the slow drying up of the plants, the leaves and stems develop- 
ing at the same time a red colour. It has been found to occur 
in varieties which have purple or violet earheads and in the 
nodes and leaves of which normally a purple or reddish pigment 
is seen. It has been noticed on soils markedly calcareous 
which perhaps has something to do with the malady. Arrested 
growth accompanied by the appearance of aerial roots from the 
nodes has also been reported. Phloem vessels are choked with 
bacteria in affected plants and this is surmised as a possible cause. 

A disease which causes some damage especially in years of 
heavy rainfall is the fungus disease " B ' elmmtJiosporium nodulo- 
sum " which attacks many other cereal grains in various parts 
of the world. The disease appears in patches in the fields and 
is outwardly characterised by brown rusty spots on the leaves, 
and similar blotches on the nodes, leaf-sheath, rachis and spike- 
lets. Plants in all stages are liable to be attacked and in the 
earheads of attacked plants the grains are poorly developed. 
The disease is carried from year to year through infected seeds, 
stubble, soil and from plant to plant through spores carried by 
the wind. As far as infection by seed is concerned, this can be 
controlled largely by treating the seed with copper sulphate 
solution and with the proprietory fungicide called Cerasan, but 
the large infection from other sources generally masks such 
protective effect as the seed treatment produces. 

Ragi is occasionally subject to the attacks of another fungus 
disease — Piriaularia sp — as the result of which in serious attacks 
the grains are not properly filled. 
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Chemical Coviposition.—H&gi as a food grain is ground 
into flour and then used cooked either as a pudding or as a 
porridge. For making into flour the whole grain is used husk 
arid ail ; the inclusion of the husks accounts for the greater food 
value of the ragi grain and for its coarseness as compared with 
rice. The chemical composition of ragi grain and straw is as 
below : — 
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Ragi grain 
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3' 8 (Church) 
2'9 (Leather) 
G'24 (Wood) 



It has been found that tlie protein of ragi is oi the type 
known as biologically complete as in the case of milk. The ragi 
grain can be malted and used as a nourishing form of food. 
]?or this purpose the grain ia first soaked in mter from S6 to 48 
hours and removed and spread out on the floor and allowed to 
germinate over a period of seven days. After germination the 
grain is dried in the sun and then roasted over a low fire and 
ground into flour. 

In trials on the use of various grains used by themselves for 
comparing their growth-promoting properties it has been found 
that the grains ranked in the following descending order, vie., 
sajje (Pennisetum typhoidium), jola, ragi and polished rice. 
Not only is ragi considered as a very nourishing and sustain- 
ing food but it is also recommended as a specially suitable 
food for diabetic patients who are advised to exclude rice and 
eat ragi in preference. 

Acreage and trade in Mysore. — The acreage of ragi in 
Mysore has remained very steady for many years, being approxi- 
mately about two and a quarter million acres. The production 
was large enough not only to meet the local consumption but to 
leave a large surplus for export, Mysore was exporting large 
quantities regularly every year until 1927-28, from which year a 
rapid and continuous reduction in the exports has been going 
on. The exports during the year 1936-37, viz., about 625 tona 
was only 3 per cent of the exports of the year 3927-28, viz., 
about 21,140 tons .when the reduction began. 
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III. JOLA (Aridropogon sorghum). 

Vebnactjlab names FOR JOLA Kmioiada- J oti k , Tainii-Csozvm 
Tefod it- Jonnaltj, Malaijafavt-GKOijUto, Hindustani- J awab. 



Jola is one of the most widely grown dryland food grains in 
India. Its suitability to tracts of even low ...rainfall and its 
ability to withstand considerable drought make it an ideal crop 
for cultivation over" Vast "tracts which depend entirely upon rain- 
fall. It makes comparatively quick growth and gives not only 
good yields of grain but also very large quantities of fodder. The 
existence of many varieties suited to different seasons, for grow- 
ing both as a dry crop and under irrigation, for purposes solely 
of fodder and of both fodder and grain great!}' widens the scope 
for its cultivation. The cultivated sorghums have a wide range 
of distribution stretching from North China and Japan to 
Southern Australia. Over vast stretches of China and Africa 
it forms one of the main food crops of the local inhabitants while 
elsewhere as in America and Australia its use is largely as a 
cattle feed. Varieties exist which have a sweet stem like the 
sugarcane and which are grown largely in the southern parts of 
the U.S.A. and are milled for the sake of the sugar in them, 
though this is mainly in the form of syrup. The sorghum is a 
crop par excellence of the plains though on the Mysore plateau 
it grows at an elevation of about 3,000 feet. The average tempera- 
ture during the growing season ranges from 80 to 90 degrees F. 
but many varieties can stand a temperature of 60 degrees F. as a 
lower limit and about 105 degrees!?, as a maximum. Sorghums 
are crops suited only to regions of low or moderate rainfall and are 
limited to tracts with about 40 inches as a maximum. They 
mature however with a much smaller quantity of rainfall in the 
growing season than ragi, about 10 to 12 inches from sowing to 
harvest being sufficient. Below an annual rainfall of 17 or 18 
inches it cannot be grown as a dry crop and will have to be 
raised under irrigation. 

Soils. — The cultivation of jola is largely associated with 
the black cotton soil, it is indeed the main food crop on 
these soils. Under proper conditions of moisture in the soil in 
a normal season with no pests or diseases to keep it down the 
crop attains remarkable growth on these soils, reaching a 
height of over ten feet and giving very large yields of both grain 
and fodder. The crop is by no means confined to the black 
cotton soil' but is. grown even to a larger extent on other 
types of soils also, the red, ashy grey, light red and so on. 
Except on stony, gravelly or such rough soils jola is grown 
on a wide variety of soils, both heavy and light loams and even 
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sandy soils. The best crops are grown however on the clay 
loams whether red or black in colour and, if under irrigation, 
with adequate drainage: On low lying fields and on dry tank 
beds the crop makes very luxuriant growth but if water stands 
for any length of time or the moisture does not drain off soon 
the crop becomes sickly and yields only a poor crop. 

Rotations. — There are threj. seasons for the cultivation of 
jola in Mysore as a dry crop. The earliest season begins in the 
first week of April, when the early jola is sown and this ends 
about the middle of August. The second or main season begins 
about June and ends about the month of October. The third 
seaeon""begins about October and ends in the month of February. 
In addition to these iffhWrrot weather jola crop which is grown 
under irri gation ; the season for this crop extends from Feb- 
ruary to May. In the case of the early jola sowings, there is 
usually a second crop grown in the same year which consists of 
hprsegrain and niger on red soils and one or other of Bengal- 
gram or coriander in the case of the black cotton soils. The 
jola may moreover be grown with a, subordinate or mixed crop, 
usually ' togari ' which occupies the ground for the rest of the 
year after the jola is harvested. Alternatively, the jola crop may 
be followed by a ploughed-up fallow in the second half of the 
year. In the following year, ragi is sown as 'kar' (or early ragi) 
if after fallow or as main season ragi in other cases. In recent 
years groundnuts are being grown in this rotation andajola- 
ragi - groun dnut rotation is being adopted. In the case oftne 
seconas^a'son]' viz., the main season, the jola is raised as the 
sole crop of the year, and is then rotated with 'sajje' (Pennisetum 
typhoidium) in the following year in all but the black cotton 
soils ; on these latter the rotation crop is cotton either pure or 
mixed with a grain crop, like 'navane' (Setaria italica). In this 
case in recent years groundnuts have been introduced in the 
rotation, so largely in certain tracts as to take the place of cotton, 
hut ordinarily in a three .year .rotation of joJarCotton-groundnuls. 
The variety of groundnuts chosen for this purpose belongs to 
the short season erect type— either the small Japan or the 
Spanish — which matures in three or three and a half months and 
, therefcre^permits of an additional crop being grown in the same 
year which is sown either after the removal of the groundnut 
crop or in between the rows of the groundnuts about a month 
previous to the harvest of the latter. These mixed crops may 
include cotton, 'togare', or horsegram. This is really an intensive 
rotation in which two or three important crops are crowded 
together; but the practice of liberal manuring with artificial 
manures has come into vogue in these tracts, even though the 
cultivation is only rainfed and not irrigated. The jola cultivated 
in this main season, is grown with a variety of mixed crops for 
each of which a few rows are set apart ayen in one and the same 
field. For example, in addition to 'togare' and 'avare' which are 
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tbe principal mixed crops, cowpea, 'pundi' (Hibiscus cannahinus) , 
blackgrani, fodder jola, 'sajje' and even vegetable crops like 
brinjals, cucumber, chiflies, etc., are all included in this large 
variety of mixed crops. 

In the third season for dryland jola which is the 

late or north-gagi ..JDaonsocji the jola is sown in the month 

of October and the rotation crop is cotton, of the indigenous 
or ' sannahatti ' variety. In many years the rains set in too 
late for sowing cotton, and then jola is sown instead although 
the previous year's crop was also jola, so that it is either 
a jola-cotfcoja..- or a jola-jola rotation. To a small extent 
bengal-gram is grown as part of this rotation especially when 
the rains are not timely for cotton. The October rains are really 
the last chance for sowing a crop in these tracts and a grain 
crop like jola is sown, wherever possible, so as to provide both food 
and fodder for the following year.- In addition to the ordinary 
arable land, many tank-beds which for want of heavy rains are 
dry either wholly or over the greater portion of the normal 
waterspread, are sown with jola in this season. This tank-bed 
cultivation is on a kind of co-operative basis for the whole village 
and the work of cultivation and later on the produce itself are 
suitably apportioned among the villagers. In the fertile tank-bed 
soils extraordinarily heavy crops are obtained of both grain and 
fodder. The crop attains often a height of 15 to 18 feet. It is. 
however subject to considerable risk as heavy downpours of rain 
may be received before the crop comes to harvest and a good por- 
tion of the tank fills ; the crop is then completely lost or greatly 
damaged v 

Lastly comes irrigated jola which is sown generally 
in February or late in January. This is more or less garden 
cultivation and many crops enter into the rotation, such 
as groundnuts, chillies, sugarcane, rice, tobacco, etc. As a 
variation of this method, vis,, as a semi-irrigated crop, jola is 
grown in the main season itself under many tanks where 
normally rice is grown but in which the supply of water is 
. insufficient or uncertain. Jola is sown therefore as a surer crop, 
especially if the soils are of the heavy clayey types to which 
ragi is not suited. * With the help of such rains as may fall, 
supplemented with an occasional irrigation, if possible, modera- 
tely good crops generally and very good crops sometimes are 
raised. In these situations jola and ragi are really the more 
dependable grain crops and are therefore preferred to rice. 

Cultivation — Preparation of the field.— The preparation oi u 
the field for jola begins 1 in the case of the earliest sown crops 
with the ploughing of the field immediately after the harvest of 
the previous year's crop, as a fall or autumn ploughing. The 
land is ploughed several times and is left in a. condition almost 
fit for sowing, Where guch ploughing is not possible then 
ploughing begins early in April itself. In this case the preparation 
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is not very thorough and in this respect jola is a notable 
contrast to ragi which requires very thorough preparation. In 
order not to miss an early sowing rain,- ploughing is evert 
dispensed with altogether and only plough furrows are' drawn at 
the sowing distance of a foot apart and the seeds are sown 
therein immediately; the interspaces are ploughed later on 
leisurely. In such tracts sowing takes place in the first week of 
April and continues up to the first week of May. Normally 
however the land is ploughed twice or ploughed once and then 
worked with the cultivator or bladed harrow, cattle manure is 
applied at the rate of five cart-loads an acre at least and mixed 
with the soil by ploughing or harrowing. 

A fine tilth is not attempted as a firm and compact condition 
of the soil in the root range is believed to be favourable for jola. 
Elsewhere and especially in the black cotton soils the prepara- 
tion is somewhat more thorough and is carried out over a longe 
period of time. In the months of February and March the field 
is given a shallow ploughing and this ploughing, called a ' maghi' 
ploughing is considered of great importance and is seldom 
omitted, unless more important work prevents its being carried 
out. Later, if possible, a heavier plough of wood or iron is 
worked. With the first rains the clods in this ploughed soil 
generally crumble and the large bladed harrow— 'knnte ' — is used 
to further break the clods. The clod breaking log — or 'koradn '-— 
is worked thereafter, which further crushes the clods and also 
levels the field. All stubble and old roots which are freed 
from the soil and brought up are gathered and burnt. Cattle 
manure at the rate of about seven cart-loads an acre is now 
applied and spread and harrowed in. The field is now 
ready for sowing. In the typical extensive black cotton soils, 
however, where large areas have to be covered, working with 
the heavy bladed harrows — or 'doddakunte ' — takes the place of 
ploughing; with the. first harrowing the old cotton plants are 
also pulled out and with another stirring of the soil with a 
lighter bladed harrow the field is ready for sowing,. 

Sowing methods. — Jola is sown in rows either in plough 
furrows or through regular seed-drills. The drills used have 
three tynes and sow three rows at a time ; the fcynes are about 13 
inches apart and when sowing in plough furrows the same dis- 
tance between the rows is left. Immediately before sowing, the 
field is worked with a levelling board and behind this and at 
suitable distances behind each other, work three ploughs with 
' saddea ' or seed tubes tied behind each, sowing three rows of 
jola, and each sowing unit consisting of one man for the plough 
and one woman for the ' sadde'. , At. every fifth row the mixed 
crop or crops already mentioned 1 are sown instead of the jola. 
"Where sowing is through, seed-drills, the sowing unit consists 
of only one man for; driving the, team and one woman 
for . sowing the seed, At the second round of the,' drijll 
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one hole of the drill is blocked and the mixed crop is 
sown instead of fol a, through a 'sadde' in the furrow made by 
the tyne of the drill. Behind the sowing teams work, firstly, a 
light-bladed harrow — the ' balu kunte '— to cover the seed and 
then a levelling board to level and compact the soil. If there 
should be a rain after the jola is sown then the light-bladed 
harrow is worked again to break the crust that may be formed. 
In tracts where such a variety of implements is not in use, jola 
is sown in plough furrows either by hand or through a ' sadde ', 
which is followed by a plough which works somewhat deeper 
and ploughs a furrow between two rows of jola, thereby splitting 
the ridge between the rows and covering the seed. Though the 
common practice is to sow not more than five rows in the jola 
strip alternating with one row of the mixed crop, variations may 
be seen here and there in which eight rows of jola may alternate 
with one of the mixed crop. The mixed crops are sown as a 
general rule only in rows parallel with the rows of jola and 
within the field but very often the headlands or top and bottom 
of the field are sown with these rows and then their rows are at 
right angles to the jola rows. Considerable fodder jola is sown 
in this way. Sometimes the margins of the field on all the four 
sides may be sown with saiiiower, which on account of its being 
thorny, acts as a hedge and keeps stray cattle out. 
w Seed rate. — The seed rate for jola is about eight to ten lbs. 
per acre and the mixed crop also requires the same quantity so 
that all told about 20 lbs. of seeds are sown. The seeds are usually 
not of very good quality, as the jola and the pulse crops used for 
mixing are both badly subject to pests in storage, and except 
when great care has been taken to preserve the seeds they contain 
considerable worm-eaten seeds. If good sound seed is used then a 
smaller quantity will suffice ; but young jola is so very much 
subject to the attacks of grass-hoppers and hairy caterpillars that 
a fairly high seed rate is necessary as a sort of protection 
against such risk. 

j Treatment of seed. — Jola- is subject to a smut disease 
which in some tracts appears every year and sometimes 
in a severe form, As this particular smut can be controlled by 
treating the seed with sulphate of copper, all seed grains should 
be so treated before sowing. For this purpose copper sulphate 
is dissolved in water in an earthenware pot in the proportion of 
one part in 100 parts (both by weight) of water and the seed 
grain is then stirred up in the solution for ten minutes ; the 
grains are then taken out, drained thoroughly and after a little 
airing to dry them so that they will not adhere to each other, 
are tjsed for sowing. About four tolas (1 tola =4 oz,) dissolved in 
half a gallon of water (or two Mysore se,ers), will be enough for the 
abovementioned quantity .of, .seed required for ? an acre., A more 
convenient treatment is by means of .sulphur, .either flowers of 
sulphur or finely powdered roll or lump sulphur. This is a;/, dry' 
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treatment and consists in mixing the seed grain thoroughly with 
the sulphur dust. For this purpose both seed and sulphur may 
be put into a metal pot, the month tied over with cloth and the 
pot then well rolled on the ground. About a tola or two of 
sulphur will treat enough seed for an acre. 

Inter cultivation and other operations. — From abonfc the 

seventh day the jola seeds sprout and begin to show above 

ground, the mixed crops appear earlier; in another fortnight the 

crops are ready for interculture. For this purpose the small 

bladed hoes—' yede kuntes ' — are used. In addition to removing 

weeds and stirring the soil between the rows, this has the effect of 

slightly earthing up the rows. In another week or ten days the 

intercuituring is repeated, for further weeding and earthing up. 

Sometimes a light plough itself is used for this purpose and the 

interspaces are ploughed. The hoes are however the more 

common implements and are quick and economical. Two of 

them are hitched to one yoke and worked with one pair of 

bullocks, and the use of three and even four of them to one yoke 

is not uncommon. Each hoe is in charge of one man and the 

bullocks led by another. After every rain and before the surface 

dries hard, the hoes are used and are worked until the rows have 

closed in and hoeing becomes impossible. The jola is carefully 

guarded against the inroads of cattle, as the stalk and leaves of 

the ordinary jola are poisonous to cattle which may either die or 

suffer from ' bloat '. Jola has the peculiarity of sending out aerial 

roots from the nodes on the stem, principally from the lower 

ones. sEvery hoeing results in a light earthing up of the rows 

which encourages considerable rooting of this kind ; this gives 

additional anchorage to this tall-growing crop besides increasing 

its capacity to absorb hoth moisture and plant foods from the 

soil. The crop begins to head out in 2£ months and from then 

onwards up to the harvest it has to be watched against the ravages 

of birds which prey upon the grain both in the milk stage 

and the ripe stage. Perches are erected high in the fields, standing 

on which boys set up a din to scare the birds away. Swarms which 

descend upon distant patches are shot at with stones thrown 

from slings. The varieties of jola in which the earheads are 

loose and open panicles are attacked less than those with compact 

earheads as the former do not afford a foothold for the birds 

descending on them. Varieties in which the earheads curve 

down goose-neck fashion also enjoy some freedom from attack. 

Long before the jola ripens the minor mixed crops mature and 

are ready for harvest ; these are greengram, blackgram and 

cowpeas from which a good deal of green pods are frequently 

gathered and the bulk finally harvested by pulling out the 

plants. The vegetable crops too begin to yield and are gathered 

for use and sale as they become available. 

Harvesting and threshing. — In four months to five and a half 
months depending upon the variety sown jola comes to harvest, 
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Normally only one earhead is formed in each plant and 
ripening is very uniform over the whole field ; occasionally 
plants bear several heads one forming after another and therefore 
not maturing at the same time. Plants injured by borers or 
broken off in the middle also branch in this way ; and under 
other conditions also which are not well understood, plants deve- 
lop these multiple earheads, leading to some unevennessin matu- 
rity. Harvesting is by pulling out the plants, or by cutting them 
flush with the ground with sickles or by removing the earheads only 
first and cutting down the plants later on. The plants, both 
stalk and earheads, are piled in the fields for some considerable 
time before removal to the threshing yards, and during this time 
the ploughing of the field between the rows of the mixed crops is 
taken up: After this work is finished, the earheads are cut and 
carted to the threshing floor and later on the stalks themselves. 
If harvesting consisted in cutting off only the earheads, 
these are either stored in the field in field-bins made of the jola 
stalks or are carted straight away to the threshing floor. The 
field-bins are constructed like large rectangular boxes with sides 
formed by the jola stalks, into wbich the earheads are filled. 
The bin is then covered with more stalks so that the structure is 
in the shape of a pyramid or cone very much like an ordinary 
stack of jola stalks. The stalks themselves are kept stacked 
in the field until all the mixed crops are also harvested and 
brought to the threshing floor. The jola earheads are not kept 
unthreshed for any .length of timet* like ragi , the threshing 
starting even before other crops are gathered and brought in. 

Threshing is by means of the stone-threshing roller already 
described under ' Rice.' The earheads are spread on the- floor in 
a circular layer about six inches deep and some twenty feet in 
diameter. Exceptionally large and well-filled earheads are 
separated and removed for seed purposes and after removing 
these the layer is allowed to dry till the middle of the day when 
the threshing work with the rollers begins. Two or three rollers 
may be used at the same time and the layer of earheads is kept 
frequently raked over ; as the grain becomes separated out it 
is swept aside, a new layer of unthreshed earheads is made 
and the threshing continued. The work is continued through 
the cool hours of the night, as jola is not held in the glumes as 
tightly as ragi and threshes out easily even if it is not well dried. 
The threshing by the roller is quick and labour-saving. A day's 
work for a pair of rollers worked one behind the other is about 
15,000 lbs. and this large quantity requires only four men and 
two pairs of bullocks. Threshing is also done by trampling the 
earheads under the feet of cattle but this method is too slow 
and is becoming obsolete. By this method a team of twenty 
bullocks working for a day will thresh only about 8,000 lbs. 

'Hingar' or late season jola. — For the sowing of jola. in the 
late season as a dry crop only black cotton soils are sel ected 
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as these alone can retain sufficient moisture for maturing a crop 
after the„ rains have ceased. The preparation of the field and 
the method of sowing are in the manner already described for 
black cotton soils. The variety sown however is the white jola 
called 'bilijola', 'yenegar' jola or 'Ibbani' jola in Mysore, These 
are all early varieties, maturing in less than four months. 
They also differ from the early and main season varieties in that 
they have stems which are sweet to the taste and which are not 
poisonous when eaten by cattle even in the early stages. The 
"grains are also more mealy and are not suitable for storage for 
any long period as the other kinds. 

Hot weather or irrigated jola. — The next Jola season is the 
summer, when jola (called 'besike' jola in Mysore) is grown 
under irrigation. ? For this purpose the fields are carefully 
prepared by ploughing, cultivating and harrowing, the gathering 
and removal of weeds and stubble and the application of a large 
quantity of manure. At least ten cart-loads of cattle manure are 
applied per acre. In these tracts sheep folding is also common, and 
though costly is seldom omitted. Five herds of 200 sheep each 
are penned on an acre for a night, for which in the eastern 
taluks a payment of Es. 6 is made in cash, in addition to the 
feeding of the men in charge of the hards and their dogs. 
..^After the manure is well worked in, the field is given a light 
irrigation and plough furrows are made one foot apart from each 
other in which the jola is sown. The seed is covered by plough- 
ing a furrow between every two rows. Jola is also broadcast 
in some places and the seed is covered by a light ploughing. 
The field is now levelled- with the levelling board ('koradu') ; 
the board is however so worked that it leaves the field in long 
beds each as wide as the length of the board, viz., six feet, with 
a low bund or ridge banked up on either side of the level beds. 
The field is further laid out suitably for irrigation by putting up 
low cross-bunds at distances of twenty feet from each other 
in the beds by opening irrigation channels. The crop comes up 
with the initial moisture supplied by the irrigation given prior 
to sowing ; it is only after the crop is well above ground that 
the regular irrigation is given. After three weeks or a month 
the field is thoroughly weeded and irrigation is given regularly 
once a week or ten days. In four months the crop matures, and 
is harvested and threshed in the manner described for dryland 
jola. 

Yield.— In normal seasons dryland jola will yield about 700 
to 800 lbs. of grain per acre. On rich black cotton soils with 
ample rainfall the yield may go up to 1,200 lbs. and in irrigated 
cultivation to 1,500 or 1,(300 lb. per acre. The early maturing 
varieties like ' yenegar ' and 'bilijola ' sown in the late monsoon may 
yield from 500 to 600 lbs. per acre. A Mysore seer of jola grain 
will weigh between 2 lbs. 2 oz. and 2 lbs. 5 oz. according to the 
variety and a seer of the fodder jola called 'kakki' jola will weigh 
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Methods of storing join uiid nuUcs— 

Tall cylindrical bins miulc of plaited split bam- 
boos, used for storing join, in Mysore. 

Round bund]«-like receptacles (on left) made 
of straw twist, used for storing pulses, 
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Stacking of join fodder, shoving the pia>tu'lt. omoc-Biiw hoist ill uku. 
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Cutting join (oclclev, using an indigenous type of cliaff-ruttur. 
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only 1 lb. 14 oz. The jola stalks form an important dry fodder. 
The outturn of the stalks may amount to about two tons per acre; 
well grown crops may yield even double this quantity. A good 
portion of this fodder is coarse, being made up of the hacd 
rind and pithy stems, much of which is wasted by cattle. 

Storage of grain. — Jola is stored in underground pits in the 
same manner as has been described under 'Ragi.' The grain cannot 
be kept for anything like the period that ragi can be kept, owing 
to the trouble with weevil attacks to which jola is very much 
subject. The storing of jola in sound condition is more difficult 
than with other grains. Seed has to be preserved by very 
thorough drying before storage and then preserved covered with 
a layer of sand in earthenware or metal bins or wicker bins well 
plastered over with a mixture of earth and cowdung. In a small 
way seed jola is preserved in the earhead itself, the earheads 
being tied together and hung from the ceiling in some part of 
the house, often in the kitchen where the smoke from the 
cooking ovens is said to keep away insects. Earheads can also 
be preserved in metal bins or boxes with a little naphthalene. 
Seed jola preserved in this manner retains its germinating capa- 
city for several years. Irrigated varieties are inferior in this 
respect to xainfed varieties. The latter can be kept for four 
years without much loss of vitality. A very small quantity of 
liquid mercury introduced into the receptacles containing stored 
grains also prevents the increase of the weevil pest ; this method 
is of course not applicable for grain intended for food, 

Storage of fodder. — Jola stalks are kept in large and strongly 
built stacks put up as soon as the threshing is over. Stacks in the 
black cotton soil areas are very large structures. They are built 
upon firm hard elevated ground, with the lower portion of the stack 
rectangular or square in section and the upper portion triangu- 
lar. The method of building up the stack is such that it is 
quite rigid, stands firm and four square and is thoroughly well 
protected against damage by rain. / The sheaves are put in as 
they are, without being cut, in the lower portion of the stack. 
They are first arranged across the length of the base, the 
butt-ends pointing outwards and the top ends pointing inwards, 
two sheaves meeting in the middle, so that the width of the 
stack is the length of two sheaves. Over the butt-ends of these 
sheaves a row of sheaves is arranged lengthwise along both sides 
of the stack ; inside, a second layer of sheaves is laid over the first 
layer of cross sheaves in such a manner that they lie over the 
junction: of the two sheaves and ' bonding ' them together. 
The process is then repeated by arranging a layer of cross 
sheaves in the same way as the first layer and on this length 
the lengthwise sheaves for the sides and the ' bonding ' cross 
sheaves for the middle are arranged. Course by course, the 
structure is built in this way, an upper layer always ' bonding ' 
the lower until the gable commences. For this part of the stack 
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the sheaves are cut into suitable lengths, bub the same method 
of construction is followed. Across the stack at each end and 
against the body of the stack are planted three strong wooden 
posts firmly driven into the ground which keep the stack well 
buttressed at both ends. For hoisting the sheaves on to the 
stack as it rises, ladders are used and the sheaves handed up ; or 
a kind of a see-saw or 'picotah 'hoist is rigged up which dispenses 
with the trouble of men having to carry the sheaves to the top 
of the stack. This hoist consists of a tall bamboo pole planted 
by the side of the stack, from near the top of which a cross-pole 
is slung loosely which can move in a see-saw fashion and one 
end of which dips on the ground, when the hoist is at rest. By 
means of a hook fastened to this end the sheaf to be hoisted is 
attached and by pulling down with a rope at the other end the 
sheaf is raised to the height required. By moving the power 
end sideways the sheaf can be delivered at the place where it is 
required at the top, when the stack builder removes the sheaf 
ana releases the cross-pole for another journey up and down. 
This is a remarkably simple and clever labour-saving appliance. 
After the stack is built it is thatched with the dry stems of the 
' togare ' plant which are stuck into the stack row by row until 
it covers the top closely from the crest of the gable down to the 
eaves. With the sharp pitch given to the gable and the layer of 
thatch as additional protection there is little or no chance of any 
rain water entering the stack. 

Preparing jola fodder. — Unlike other straws, jola fodder 
has to be cut into pieces before it can be fed to cattle. Fodder 
cutters of the ordinary chaff, cutter types are not considered 
suitable as it is believed that the pieces are cut too small and 
the sharp ends prick into the tongue and mouth of the cattle 
which therefore waste a good portion. Fodder is therefore cut 
into lengths of a foot or a foot and a half by ordinary long- 
handled large curved knives or by local types of chaff cutters 
which have straight blades with a long handle working up and 
down nut-cracker fashion. Owing to its coarseness the fodder is' 
usually softened by soaking in water before it is fed but even 
then a good deal of the stems is rejected by the animals. 

Green jola fodder , — Jola is the most important crop grown for 
green fodder and indeed may be said to be practically the only crop 
grown exclusively for fodder. Jola intended for fodder is grown 
either in separate fields as the sole crop or, as has already been 
referred to, along with the grain jola as a mixed crop, and 
along the margins and as a mixed crop in ragi, groundnut and 
other crops. Fodder jola is grown both as a dry crop and to a 
lesser extent as an irrigated crop. The varieties of jola grown for 
fodder are different from the ordinary ones and comprise several 
kinds, called 'kakki' jola, 'vogar' jola, ' irangu ' oholatn, 
' sundhia ' jow.ar, ' nilwa ' jowar, and so on. If grown under 
irrigation the soils are heavily manured and large yields of 
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fodder are _ obtained. When grown as a dry crop by itself, 
fodder jola is one of the very early sown crops, and after it is 
cut the field is ready for another crop in the same year, which is 
usually horsegram. Seed is sown, very thick, by broadcasting 
and ploughed in. In sixty to eighty days the fodder is ready to 
cut. As much as 00 lbs. of seed are sown per acre and the crop 
comes up very close with tall thin stems which are eaten by cattle 
without any being wasted. Yields under irrigation are heavy 
and may amount to between ten and twelve tons an acre of 
green fodder. Grown in the midst of ordinary jola or other 
crops, the fodder jola is cut when the earheads have just appear- 
ed. It is generally risky" to feed jola to cattle before this stage, ■ 
unless it is dried somewhat after cutting and then fed. Similarly 
young jola which has suffered on account of drought is also risky 
to feed. The plants in the immature stage contain prussigacld 
which proves fatal even in very small quantities. UnlfS? certain 
conditions of weather and of growth, which are not well under- 
stood, the prussic acid content reaches a dangerous limit, as much 
ae 0'2 per cent being found. If the jola is cut and then dried in 
the sun or if it is converted into silage, the acid content goes 
down and the fodder is rendered safe. 

Green jola becomes available for feeding from the month of 
September on these fields. The stalks are generally fed whole 
without being cut or chaffed. It is also the practice in Mysore 
to feed much larger quantities of this stuff than what the animals 
will care to eat ordinarily, by cramming or a kind of forcible 
feeding, in which the stalks are thrust into the mouth of the 
animal and slowly pushed in until the whole has been eaten. 
Animals are thus brought into very good condition — perhaps an 
overfed condition, because their flanks become stretched tight as 
a drum — by the time the green jola season comes to an end 
which synchronises with the time for the great cattle fairs in 
the State. Chaffing the stalks in regular chaff-cutting machines 
is however, very common in Upper India. 

The grain from the typical fodder jola varieties is thin and 
poor in quality as a food grain for which purpose it is not used. 
For seed purposes some rows are left uncut until they mature 
seed and are then harvested. 

Some varieties of jola will send out new shoots from the 
harvested stubble and yield a small ratoon crop especially on the 
black cotton soils which retain sufficient moisture for the 
growth of this ratoon crop. More than one shoot springs from 
each stubble which grow four or five feet high and yield a 
certain amount of green fodder even if they do not mature seed. 

Botany and varieties.— Jofa—Andropogon sorghum,— also 
known as Sorghum vulgare — belongs to the natural order 
G-ramineae. It is a tall annual grass, with a robust solid pithy 
cylindrical stem and attains a height of ten or even fifteen feet 
according to soil and variety, The stem may be thick, about 
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1 to 2£ inches in;diameter, or thin and about only half inch in 
diameter and even less, if sown very thick. The root system is 
fibrous and profuse and some of the lower nodes send out roots 
which are mostly aerial but also sometimes reach the ground and 
function as true roots. The leaves are about 2 to 3£ feet long 
and from 1 to 3 inches broad, with a conspicuous midrib which 
is white in colour in contrast with the green of the blade, and 
are smooth except at the margins which are rough. The 
inflorescence is a panicle which is compact, semi-compact, loose, 
or very open according to variety, and likewise varying in shape 
which is cylindrical, ovoid, or rounded. The peduncle is 1 to 2 
feet in length and erect or " goose necked ". The panicle is 
highly branched with branches and branchlets springing in 
whorls from the stem of the panicle. The rachis is either equal 
to or less than one half the length of the panicle, according to 
variety. The panicles vary in length from 6 inches to 2 feet 
according to variety, The spikelets are in pairs, each one- 
flowered, the lower sessile and hermaphrodite and the upper 
pedicelled and male. The flowers open from the top of the 
panicle and extend downward gradually, taking about eight days 
to finish. The glumes are four in number, white, yellow, brown, 
dark brown, reddish brown, or black in colour with the last 
glume sometimes with a short awn. The grains are formed 
clear of the glumes and are rounded, pointed at the base and 
have a slight depression near this end. The seed coat is thin, 
or thick or hyaline or horny. In certain other types the glume 
encloses the seed either completely or to a great extent. 

The cultivated jola comprises a large variety of types which 
are classified into several sub-species. Many methods can be 
adopted in classifying as there are sharp differences among the 
types. They can 'be divided according to the seasons to which 
they' are suited, as ' mungar ', ' yedegar ' or ' hingar ' ; they can 
be classified according to the structure of the earheads as some 
are loose, some compact, some semi-compact ; and again accord- 
ing to the shape which comprises ovoid, elliptical, rounded, or 
goose-necked ; they may be classified as the gram sorghums, 
fodder sorghums and the sweet sorghums. The colour of the 
glumes is varied and so is the colour of the grains. These are 
yellow, cream coloured, white, purple and almost black, brownT 
orange and deep brown. The vernacular names by which the 
varieties are known are descriptive of the colour of the grain, such 
as yellow jola, red jola, white jola, etc., or of the season as ' mungar ' 
or 'hingar ' or ' ibbani ' ; or as a grain jola or a fodder jola like 
' kakki ' jola. In America the varieties are broadly classified as 
the pithy-stemmed and the juicy or semi-juicy-stemmed kinds, 
under each of which many differences exist in respect of the colour 
of the grain or the shape and size of the earheads. According to 
the character of the panicles and their branching the Indian 
sorghums have been divided by Gammie into seven sub-species. 
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[Photo by courtesy of the Millets Specialist, Coimbatore. 
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Bag for ditching grasshoppers— an improved type dosifjucd for moving on wheels. 

[JTys. Agri. Bunt. 
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Pests and diseases. 

(a) Insect pests. — Jola is subject to several insect 
pests and diseases. When the crop is young the grasshopper 
and caterpillar pests are severe and sometimes wipe 
out the crop altogether. The grasshopper pest — Colemania 
sphenereoidesy B. — which has already been referred to under 
ragi is particularly severe in the jola crop ; several broods come 
out as the crop grows, and the attack is continuous. It is however 
when the crop is young and has only a few leaves that the 
defoliation is too severe for the plants to survive. Unfortunately 
the emergence of the pest coincides with or just precedes the 
main sowing season of the jola crop, viz., the months of June 
and July, exposing the young crop to the full force of the pest. 
The pest is confined to particular areas and seems to occur at 
ten-year periods more or less in a regular cycle and it is there- 
fore possible to be somewhat forewarned. Among the remedial 
measures the best so far known is the dragging of special grass- 
hopper traps or bags over the field and then destroying the 
hoppers which are caught in large numbers in these bags. A 
large-sized bag constructed suitably for being dragged mounted 
on a low-wheeled frame is recommended for large landholders 
and for co-operative use by small holders. 

The Caterpillar Pest — Amsacta albistriga, M, — also attacks 
the crop and is very destructive to the young crop. The pest 
has been referred to and the remedies described under ' ragi '. 

As the crop grows up it is subject to the attacks of stem 
borers, as the result of which the top shoot dries off. The pest 
is not serious and often the damaged plants send out one or more 
side shoots, and generally withstand the attack. 

A very serious pest in some years is the jola earhead bug, or 
fly — Galocoris angustatus, L. The earheads are attacked when 
they are young, and the contents of • the young grains and the 
sap from the tissues of the earheads are sucked and drained by 
these innumerable .insects, and the setting of grain is prevented. 
Earheads are often completely empty and most are very nearly 
so. The grou nd under the plants becomes also black and sticky 
with the exudation. The damage is very great and in the years 
when it does break out it is also widespread. The pest is 
serious on the early sown jola and both the late sown jola and later 
formed earheads are generally free. No satisfactory method of 
control is known, but at one time it was suggested that, cloths or 
mats smeared over with some sticky paste such as is used for 
catching flies and called' tanglefoot,' 'catch' em alive' and eo on, 
should be moved about just above the tops of the jola crop, the 
idea being that when the bugs (also called flies) are disturbed they 
fly upwards and are caught in the paste. It is found how- 
ever that all flies do not fly upwards and tbat a good lot of them 
drop down and escape the trap. 

5* 
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Aphids also cause much damage and oftentimes fields are 
severely infested, leaves, stems, arid young eavheads being alive 
with these insects which drain the sap and arrest the growth of 
the crop. In comparison with the earhead fly or bug this is a 
minor pest. - 

No large scale remedies are known, but the pest disappears 
if a good shower of rain is received. 

Storage Pests. — Jola grain is damaged a great deal in storage 
by weevils of which both the larvae and the adults eat into the 
grains and reduce them to a hollow shell. In addition to the 
destruction of the grain is the very presence of innumerable 
weevils which teem in the grains making it unfit for consumption 
unless the grain is thoroughly cleaned and the weevils com- 
pletely got rid of. It is impossible to preserve the grain in ordinary 
bags without its becoming infested very soon by the weevils. 
Storage therefore requires special care. One method consists in 
first drying the grain thoroughly in the sun, cleaning and then put- 
ting into earthenware or wicker bins, well plastered over to prevent 
the ingress of weevils. The top of the grain in the bin is covered 
over with a two-inch layer of sand and the mouth of the bin 
then covered by a lid. Grain as required is drawn out through 
a suitable aperture or trap door at the base of the bin. The 
breeding of the peat in the grain is prevented by the fact that 
such weevils as emerge crawl up through the grain and on to the 
top of the layer of sand for pairing but are not able to crawl back 
through the sand for oviposition and multiplication. This simple 
method is found very effective and is to be adopted not only in 
the case of jola but also for other grains and all the pulses. Jola 
is also attacked by the rice moth, the larvaa of which destroy the 
grain in the same way as they, destroy stored rice. 

(b) Diseases. —The jola crop is subject to many fungus 
diseases as well. The chief among these are the 'smuts' of 
different kinds, viz., (1) the grain smut, Sphaceolotheca sorghi, 
(2) the loose smut, Sphaceolotheoa omenta, (3) the head smut, 
Ustilago Beilianaaad (4) the long smut, Tolyjpasjiorvwmfiliferum. 
By far the most serious is the grain smut in which the earheads 
are attacked and the grains are reduced to sacs of black powdery 
spores of the smut. The infection comes from the spores adher- 
ing to the seed and the remedy is therefore fortunately simple, 
The method of treating the seed before sowing has already been 
described under ' sowing methods.' In the case of the head smut 
the whole earhead is affected and such earheads emerge as a 
black mass of tangled filaments. The disease is spread by spores 
which are shed on the soil and which remain alive and capable 
of germination at the crop season. Seed treatment is therefore 
of no use against this smut. But neither this smut nor the long 
smut is widespread; they are also only of rare occurrence. 

Another malady which is very often seen in jola is, the 
appearance of red spots on the leaves, a reddening of the leaves 
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and the inside of the stem as ie seen in the 'red rot' disease of 
sugarcane. The attack is due to the fungus ' Colletotrichuni 
graininicolum ' and results in a partial drying up of the leaves 
and a general unthrifty growth. There is certainly a reduction 
in the yield to that extent but this is seldom taken note of, 
Another fungus disease, viz., Macrophomina phaseoli, Maubl, 
has been reported as somewhat serious in Gujarat and the 
Bombay Deccan, especially in jola sown iu the late season, It 
is said to be favoured by a high moisture content in the soil 
accompanied by a high soil temperature also. 

Vegetable Parasite. — Jola also suffers from the attack of 
some vegetable parasites, the most serious of which is the { striga,' 
The attack is rather serious in certain villages where it is ayearly 
visitation. The striga parasite grows with its roots intertwined 
with the roots of the jola, depleting it of its nourishment and 
thereby arresting the growth and reducing the yield. At least 
three species of the striga are known to attack jola but individual 
peculiarities, if any, of these species which may necessitate any 
difference in the methods of eradication applicable to each are 
not known definitely. The striga grows near bhe base of the 
jola, and eventually flowers and sets seed, which shed in the field 
and perpetuate the pest. A change-over to other crops like 
groundnuts, cotton, coriander and so on for two or three years is 
recommended as a control measure sometimes, but the striga 
seeds appear to retain their vitality for many years and to germi- 
nate and grow when jola is cultivated again. Systematic and 
thorough removal of the striga plants before they flower and set 
seed will greatly reduce the chances of this perpetuation. The 
striga makes its appearance after the weeding by bullock hoes is 
finished ; even otherwise they cannot be easily removed by 
bullock hoes as they are too close to the jola and too firmly 
bound to their base. Only hand weeding, costly though it may 
be, can remove them satisfactorily. Another method suggested 
is to grow a crop of jola or ragi, and thus encourage the striga to 
grow also and then plough down both crop and pest before the 
latter is due to flower. The pest in some places is certainly bad 
enough to warrant this drastic and rather expensive method of 
control. 

Another parasitic flowering plant— Supobia delphini polia — 
is also reported to attack jola and to cause considerable dwarfing 
of the growth of the crop. 

Chemistry and uses. — The jola grain is eaten either by 
breaking the grain and cooking it in the same way as rice or by 
grinding it into flour and preparing unleavened bread out of it. 
To a small extent it is eaten parched and some varieties yield 
grain which can be converted into 'popped' grain. Such grain 
after popping is eaten as such or ground into flour. The varie- 
ties which lend themselves to 'popping' are those with the open 
branched earheads and not those with the compact heads.- The 
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grain of the former is comparatively smaller in size and the' 
endosperm is hard and horny towards the periphery, the centre 
alone being mealy. Jola can also be malted. The malted flour 
is prepared by steeping the jola grain in water overnight, drain- 
ing the water out, and then keeping the grain moist and heaped 
up until sprouting begins and the radicles are plainly visible. 
The grains are then spread out to dry, are rubbed free of the 
radicles when quite dry, and then roasted and ground into flour. 
The chemical composition of the jola grain of different kinds 
and of jola dry fodder is as follows : — 
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Sweet or Sugar Sorghum.— Among the varieties of jola one 
of the most interesting is the sweet sorghum. Under its other 
names of Durra, or Guinea corn the sweet sorghum is cultivated 
in Africa, Australia, China, the West Indies, and the United 
States. In India the cultivation is rather insignificant. In the 
Southern States of the U. S. A., it is of considerable importance, 
being looked upon as a source of sugar. The jnice of this 
sorghum may contain about 10 to 13 percent of sucrose, and the 
total sugar content, consisting of both sucrose and glucose may 
reach 18 per cent. The sorghum matures to this degree of 
sweetness in about five months. At one time sugar of high grade 
was being manufactured on a factory scale in that country and 
the crop was considered a valuable supplement to BUgarcane. 
The manufacture of treacle, molasses, syrup and other liquid or 
glucose sugars is however the use to which it is largely put. It 
is also largely grown for the sake of the sweet nutritious fodder 
which it yields quickly and in great abundance. 

Production.— Next to rice and wheat, jola is the food grain 
grown over the largest area in India. The total area under jola 
in the whole of India was 34,635,000 acres, made up of 20,702,000 
acres in British India and 13,933,000 acres in the Indian States. 
The major areas are as under :— Hyderabad State, 8,565,000 ; 
Bombay, 8,100,000; Madras, 4,600,000; the Central Provinces, 
4,200,000; The Punjab, 800,000; and Mysore, 667,000 acres 
(all figures relate to the year 1937-38). 
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JV. SAJJE (Pennisetum typhoideum). ' 

Vernacular names for SAJJE— Kannada-B ajjti ; Tamil- 
Kambu ; Telugu-SAJJA-LV, Gentalu ; Malayalam-IiAMPAM ; 
Hindustani-ISAJATIA.-. 

Sajje. — The 'bullrush millet,' Pennisetum typhoideum — is 
one of the most important among the millets or small grains and 
is only next in importance to jola among the minor food 
grains for large sections of the world's population. Outside 
Asia, the grain is largely cultivated in Africa where it is a 
common article of food among both the Arabs and the natives. 
It is grown throughout India and in the United Provinces, Oudh, 
in the Madras and Bombay Provinces and the Hyderabad State 
over very large areas. In the Bombay Province the grain ranks 
equal to jola in importance, with almost an equal acreage, vis,, 
about 5\ million acres. In Madras the acreage is about 3 J 
million acres approximately while in Hyderabad it is about 21 
million acres. In Mysore the grain is only of minor importance 
the area ranging between 700 and 1,000 acres, 

The crop is suited to regions of low rainfall and can be grown 
in tracts with only 17 or 20 inches. It is seldom grown under 
rainfall heavier than about 35 inches. In the eastern taluks of 
Mysore where the rainfall goes down to some 17 inches it is a 
■ favourite crop for being grown in the manner peculiar to this 
tract where a fallow, of one year at least and often of two or three 
years, intervenes between two crops. It will thrive under con- 
ditions of soil and rainfall winch may not be good enough for jola. 
Soils. — 'Sajje' i9 grown both on the black cotton soils and on 
the various grades of red and grey sandy soils, and on good soils 
with depth as well as on light coarse and gravelly soils. On the 
black cotton soils and on the better class of red soils, deep and 
free from gravel and stones, the growth is luxuriant and on the 
inferior types only moderate. It is grown mostly as a dry crop 
in the rainy season and to a small extent under irrigation under 
garden cultivation in the same way as irrigated jola or ragi, 
generally as a hot weather crop. 

Motation. — 'Sajje' is grcwn both as a pure crop and also with 
a variety of mixed crops, as in the case of jola. When grown 
pure it is followed in the same year with horse-gram, in the 
regions where rainfall isTearly and the ' sajje ' can be sown about 
the month of May. Where sajje is the sole crop of the year, 
cotton and jola follow it in the next two years either as 'sajje '- 
jola-cotton or ' sajje '-cottqnjola. On the red soils a ' sajje ' 
crop may follow fagi, although the former is not a crop grown 
every year like ragi. On the rough coarse gravels and red soils 
castor may follow sajje. 

' Sajje ' as a main crop is almost invariably grown with the 
usual mixture of some pulse crops. The common mixed crops 



72 FIELD OKOPS OP INDIA 

are ' togari ', ' avare ', and horse-gram. The first two are sown at 
the same time as the sajje and the third is sown simultaneously 
with the sajje if the season is late, or later on in rows in the 
young growing crop of ' sajje '. 

In the black cotton soil districts, whether the sajje is grown 
on black soils or on red soils, a variety of mixed crops are grown, 
as already described under ' Jola ' which comprise one or more 
of the following :— ' togari ', ' avare ', green-gram, black-gram, 
horse- gram, ' gingelli ', ' pundi ' and so on. In irrigated garden 
cultivation, one or other among the varieties of both grains and 
other crops follow sajje. 

' Sajje ' can be sown as an early crop in the rains about the 
month of May, and as a main season crop about the beginning 
of July and even early in August. The irrigated garden crop is 
sown in January and February. 

Cultivation. — The preparation of the field for ' sajje ' is some- 
what thorough, although it may not equal the tilth attained for 
ragi. ' If the field had not been ploughed after the harvest of the 
previous crop, ploughing commences with the very first rains, 
and is repeated after every subsequent rain ; cultivators or bladed 
harrows maybe used and the work expedited; the field is 
manured with some five cartloads of manure as for ragi. Im- 
mediately after a sowing rain is received the sajje is sown 
broadcast and a plough or a cultivator worked to cover the seed. 
At intervals of about six feet, furrows are made with a plough 
in which a mixed crop, generally, ' togare ', is sown and covered 
by ploughing an adjacent furrow. After about three weeks the 
first hoeing is done with bullock hoes with two or three hoe 
points. The hoeing is repeated after ten days, the hoes being 
worked this time across the direction of the first hoeing. The 
early variety of sajje matures in three months ; there is consi- 
derable tillering of the crop and the earheads appear and ripen 
irregularly, and the harvesting is therefore carried out twice or 
thrice at intervals of about ten days and completed in about four 
months. The earheads are removed to the threshing floor, dried 
and threshed within a week after the harvest. The stalks are 
cut and stacked for fodder. 

For the main season sowing, the fields are ploughed after 
the soil has received good soaking rains, generally about June — 
July . If the soil is of the black cotton soil type, the ploughing 
is dispensed with and the field worked lengthwise and crosswise 
with a heavy bladed harrow ; on other soils the field is first 
ploughed and then worked with bladed harrows, an interval of a 
week or two being allowed to elapse for the weeds to come up so 
that they could be destroyed by the harrowing which follows. 
Manure is seldom applied in practice but the crop certainly 
responds well to manuring. As a matter of fact in the tracts 
referred where the ' sajje ' is grown after two or three years of 
fallow, the field after the first two ploughings is manured by the 
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penning of sheep. Sowing is generally about the middle of July 
after good rains have fallen. The field is now worked ■with the 
light bladed harrow and the ' sajje ' is sown through the three 
tyned seed-drill, which sows in rows about a foot or fourteen 
inches apart ; after every fifth row comes a row of the mixed 
crop or crops selected for sowing from among the number men- 
tioned already. Seed is covered by the light bladed harrow. 
After three weeks the field is worked with bladed interculturing 
hoes between the rows of the crop, and a second hoeing is given 
again in another ten days, after which no further weeding or 
cultivation is given. The crop matures either in four months or 
five months according to the variety sown. Harvest consists in 
cutting off the earheads, which are removed to the threshing 
floor and threshed either by trampling the earheads under the 
feet of a team of oxen or by using the stone threshing rollers. 

In parts of Madras a short duration variety called ' Arisi 
Kambu' is grown. The peculiarity of the grain is that it husks 
freely at threshing time and requires no further husking like the 
other varieties. It is also sown about the month of July on 
land well prepared and manured. The seed is sown broadcast 
and ploughed in. The weeding and interculturing are also done by 
means of ploughs; the land is worked with light ploughs about 
fifteen days after sowing and once again in another fifteen days, 
but this time in a direction across the first ploughing. The crop 
matures in three and a half months and the grains are reputed 
to keep for many years. The crop is grown on light sandy 
soils, which are considered more suitable to this variety than 
red clay loams or black cotton soils. 

The seed rate for ' sajje ' when raised as dry crop is about six 
to eight pounds per acre. The seed is sown either by itself or 
mixed with manure. 

' Sajje ' is cultivated as an irrigated garden crop on soils well 
prepared and manured, The cultivation is carried out in 
much the same way as irrigated jola which has .already been 
described. 

Yield. — The yield of ' sajje' under dry cultivation, under 
favourable conditions amounts to 700 — 900 lbs., per acre, but 
ordinarily amounts to only about half this quantity. Under 
irrigation 1,000 — 2,000 lbs., of grain is obtained. A Mysore 
seer of the grain will weigh two pounds. 

The dry stalks or straw of sajje after harvest, are not much 
esteemed as fodder ; the stems are too coarse and pithy and are 
generally used for thatching or purposes other than for fodder. 
The leaves alone are eaten by cattle. Though on this account 
the sajje straw is considered very inferior fodder generally, there 
are tracts like Gujerat where the contrary opinion prevails and 
the fodder is a favourite feed. 

'Sajje' is a crop well suited for cultivation for purposes of 
green fodder, It is quick growing, tillers very freely and in the 
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case of some varieties the sterna are very thin and succulent. 
It also lends itself to cutting more than once, as a large number 
of tillers spring from the stubbles. As a matter of fact in many 
parts of India it is an important crop for green fodder. 

Botany and Varieties. — ' Sajje ' — Pennisetum typhoideum — 
belongs to the natural order (Jraminese. It is an erect tall 
growing grass from three to eight feet in height according to 
variety and fertility of the soil. The stems are solid and usually 
single, but often there are branches both primary and secondary 
and sometimes even tertiary. The plants tiller freely and give 
much leafy fodder. The leaves are long and lanceolate with 
ligules densely hairy. The stalk of the inflorescence is highly 
hairy with soft woolly hairs. From the lower nodes much serial 
rooting takes place as in Jola. The inflorescence is a rounded 
long cylindrical spike densely packed with the spikelets. These 
are in clusters of one to eight on separate pedicels ; the bristles 
vary in colour and are only as long as the spikelets except in the 
awned varieties where one bristle or awn is much longer. 
The spikes are of varying lengths and thickness and are smooth 
or awned according to the variety. The spike in the main 
cultivated varieties is about 9" to 12" in length and 1" to 1$" in 
diameter; They are either greenish yellow or have a slight 
pinkish tinge according to variety, 

The local varieties may be said to be the following : — (I) 
the 'hullu sajje', in which the stems are very thin, there are 
numerous tillers and the spikes are short and thin. The variety 
is largely esteemed for the sake of its green fodder ; (2) the 
common 'sajje' which grows about six to eight feet in height, has 
a thick stem, tillers little, and has a spike about 12" in length, 
smooth and either greenish yellow or pinkish in colour; (8) the 
'mullu sajje' or the awned 'sajje' which is much like the second 
variety, but is highly awned. This variety is esteemed for 
sowing in distant fields, as it does not require to be watched 
against havoc by birds on account of the awns which are stiff 
and are almost thorny; (4) a recent introduction is the giant 
or Transvaal 'sajje', in which the spike is about 18" to 22" in 
length and about 2" in diameter. This variety has a tendency 
to yield spikes which are never well filled, there being large bare 
patches. It is more spectacular than useful ; (5) the variety 
called 'Arisi kambu' in which the grains do not require any 
husking has already been referred to. It is more or less a 
curiosity and the yield is comparitively Jow. Extremes in presence 
and absence of bristles (or rather, forms with one prominently 
developed awn and those with all bristles suppressed) are repre- 
sented by two species, viz., — the P. eahinurus and P. leonis. 

Pests and diseases. — 'Sajje' is subject to two omnivorous 
pesta, viz., the redheaded hairy caterpillar— Amsaeta albistriga — 
and the Jola grasshopper— Golemania sphenoreoides — in the 
tracts where these pests prevail. The remedial measures have 
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already been described under Bagi and Jola. The black beaded 
hairy caterpillar, the plant bug — Nezariaviridula — blister beetles, 
etc., also attack the crop but are very unimportant. 

' Sajje' is subject to the smut, ' Tolyposporhm filiferum, ; the 
grains in the earheads are either completely or partially attacked; 
the smutted grains are conspicuous by their comparatively large 
and swollen size and crumble into the characteristic black powder 
when pressed. The remedial methods adopted for other smuts 
viz., treatment of the seed with copper sulphate solution, formalin 
or hot water, do not succeed with this smut. The only remedy 
appears to be to avoid growing sajje in fields once affected, for a 
period of two or three years. 

'Sajje' is subject to a peculiar malformation of the earhead in 
which the floral organs turn into leafy growths instead of func- 
tioning normally and setting seed. Though by no means 
serious, it is not altogether negligible as quite a large number of 
earheads are met with in many fields. The trouble is due to the 
attack by a fungus — Sclerospora graminicola- -which is known 
to attack other grains also such as jola»and ' navane '. The only 
way it could be kept down is by removing and burning the 
infected plants and thereby preventing further infection. 'Sajje' 
is also subject to a leaf rust which is however insignificant as 
regards damage. 

' Sajje ' is also peculiar in the uneven setting of seed in the 
earheads. It is not every earhead that is well filled from top to 
bottom ; a large number are met with which are only partially 
filled ; it is probably due to the seasonal conditions at the time 
when the florets open and are due to be fertilised. There is no 
doubt that this condition brings about a material reduction in 
the yield. 

Uses and Chemical Composition. — The grain has to be husk- 
ed like rice before it can be used for consumption. The husk 
however forms only a very small proportion of 8 to 10 per 
cent of the grain. The variety called the ' Axis! Kambu ' needs 
no husking. The grain is eaten generally cooked like rice. It 
is also ground into flour for consumption and prepared as a mash 
or as unleavened bread. The grain can be fried and ground and 
the flour used somewhat like malted flours. 

The chemical composition of ' sajje' grain showing its value 
as food is as below ; — 
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V. NAVANE (Setaria italica.) 

Vernacular names for NAVANE :— Kaimada-N avanm, 
Tamil-Ten ai, Telugu-KonnxLTi, Malay alam-Twx, Hindu- 

Steni-KANGOONE. 

' Navane ' is one of the minor dry land food grains which 
comes to maturity within a period of about a hundred days and 
at the same time gives almost as good a yield of grain as the 
food grains which occupy the ground for a much longer period. 
It is also suited to tracts of low rainfall. Large areas are grown 
in Madras and Bombay and in Mysore too it is a crop of consi- 
derable importance next only to ragi and jola. The grain is 
said to be capable of cultivation even at high altitudes of about 
6,000 feet, and to be an important food grain grown in the 
foot-hills of the Himalayas. It is also grown in many other 
parts of the world, such as China, Japan and Eastern Asia 
generally, South Africa, Southern and Eastern Europe and in 
North America, and has thus a wide range of cultivation. 
It is essentially a dry land grain and suited to conditions of 
low or moderate rainfall ranging from 20 inches to about 30 
inches. 

Soils, rotation. — It is grown on a variety of soils. The 
ordinary red loams are much favoured and under normal rainfall 
very good crops are raised on such soils. Very light soils, ashy 
grey types, and black cotton soils are all put down to navane. 
On the black cotton soil it forms an important grain crop, rank- 
ing next to jola- Even on the heavier clayey type of soils 
usually put under rice, 'navane' is cultivated as a dry crop in 
tracts of uncertain rainfall. The crop can be grown throughout 
the year, as a crop for the early rainy season, for the main rainy, 
season and for the late rains and again in the hot weather. As 
a minor grain crop, 'navane' therefore should be considered a very 
useful crop. 

The crop is grown pure without a mixed crop or it is grown 
as a subsidiary mixed crop with ragi, or to a large extent as a 
mixed crop with cotton. On red soils ' avare ' is used to sow as a 
mixed crop with 'navane'. It is usually followed by jola, or 
' sajje ' in the next year, these latter being grown with their 
appropriate mixtures. When 'navane' is grown pure - it is 
generally followed by ragi or by jola and when grown with 
cotton it is followed by jola. 

Cultivation.— All soils intended for 'navane' receive thorough 
preparation ; in the case of all but the black soils, two or more 
ploughings followed by working with the cultivators or bladed 
harrows, gathering of weeds and cleaning up and levelling 
with the light harrows or levelling boards are^the operations 
preparatory to sowing. In the black cotton soils one or two 
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harrowings with the heavy-bladed harrow take the place of 
the ploughings and are followed by working with the light- 
bladed harrows before sowing the seed. Manures, are seldom 
applied on the black cotton soils but on the other types and 
especially where the crop is grown under irrigation the fields 
are manured with about five cart-loads of cattle manure per 
acre at least. The crop will however respond greatly to manur- 
ing and more liberal doses can be used with advantage. This 
is indeed the case with irrigated ' navane ' which is well manured 
with either cattle manure or sheep penning or both. In some 
parts of Mysore even dryland ' navane ' is occasionally given a 
small dose of artificial manure of about one cwt. per acre of 
sulphate of ammonia, which is drilled along with the seed. 
The crop is sown both broadcast and in drills, The sowing 
season for the early crop is in the mouth of May, for the main 
rainy season crop the month of June — July and for the late crop 
August-September. The irrigated hot weather crop is sown in 
January-February. When the seed is sown broadcast it is 
usual to divide the field into long strips of ten feet wide by 
means of shallow plough furrows, sow the strips one after the 
other and then cover the seeds by a light ploughing. By this 
method uniform sowing is secured over tbe whole field. If 
sown as mixed crop with ragi, the ' navane' is sown in single or 
double furrow made by the plough at intervals of about six feet, 
after the ragi has been sown. Where drill-sowing is the practice 
the three-tyned or six-tyned drill is used and five rows of 'navane' 
are made to alternate with one row of cotton, by plugging tbe 
last hole in the six-tyned drill and sowing the cotfon seed 
through a 'sadde' seed-tube behind this tyne, or where the 
three-tyned drill is used by plugging the third hule and sowing 
the cotton in the same way, at every second journey. After 
the field is sown the seeds are covered by working a light-bladed 
harrow. In tank-fed areas ' navane ' is sown as a monsoon crop, 
i.e., sown in the months of June-July, if sufficient rains are 
not received in the season to allow of rice being cultivated. 
These fields are ploughed from March to May, cattle manure 
applied or sheep penned and after ploughing in the manure the 
field is sown broadcast or in drills about the month of Jnly. 
The seed rate per acre is from 7 to 10 lbs. of seed, the latter 
being the rate for the pure crop and the former for the mixed 
sowing with cotton. Where it is sown as a mixed crop with 
ragi about 1 to 2 lbs. are sown. The crop is hoed once after a 
fortnight following the sowing with the interculturing bladed or 
toothed harrows and then allowed to grow without further 
attention. The crop is ready for harvest in three or four months 
according to variety. The crop is thin-strawed and attains a 
height of some three or three and a half feet. The earheads 
which are some six to nine inches long bend down a great deal 
and are likely to be knocked about. This is especially the case 
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with the variety called ' Jade Navane '. Harvesting is by the 
cutting off of earheads alone ; the stalks are either cut or pulled 
out later on. The earheads are kept piled up in the threshing 
floor for a week and then threshed out by trampling under the 
feet of oxen or by using the stone threshing roller. The straw 
is thin and delicate and cattle can eat it without its being 
bruised or softened under the roller or the feet of oxen. 

Irrigated Navane. — ' Navane ' is also grown under irrigation 
as a garden crop on well drained loamy soils. The field for this 
purpose is prepared in the months of October and November. 
The fields are lightly watered, and ploughed twice or thrice at 
intervals of two weeks. Cattle manure is then applied or 
sheep folded on the land, the field is again ploughed or worked 
with the bladed harrow and the seeds are then sown broadcast. 
The field is now laid out into suitable beds for irrigation, which is 
given once in a week or ten days till the crop matures. Weeding 
is by hand and is given twice during the early stages of the crop. 

Yield. — The yield of ' Navane ' grown pure by itself is gene- 
rally between 800 and 900 lbs. per acre on an average and may 
go up to 1,200 lbs, under favourable conditions. Grown as a semi- 
irrigated or garden crop the yield may go up to 1,600 lbs. 

Botany and varieties. — ' Navane ' — Setaria italica— is an 
annual grass attaining a height of 3 to 3 \ feet with rather thin 
leafy stems which bend down a great deal with the weight of 
the earheads; The leaves are narrow and are about 12 to 18 
inches long and \ inch broad, light green in colour, linear 
lanceolate in shape; the flag has a long sheath with the blade 
either shorter or longer than the inflorescence. The peduncle 
is long and slender ; the inflorescence is a spike, which is long 
and drooping. The spikes may be 6 to 12 inches long and 
f to 1$ inch in diameter, and covered over with thin bristles. 
The branches in the spike are arranged spirally along the length 
and the spikelets are in clusters of 40 or 50. Only the fourth 
glume contains a bi-sexual flower which ripens a grain. The 
glume with its pale is fused on to and forms part of the grain. 
Many varieties are under cultivation which differ in the height 
they attain, in the length and appearance of the earhead and 
in the colour of the grain. Varieties are also different in the 
dilation of the crop, varying from three to four months in this 
respect. The plants may grow from 3 feet to 4| feet in 
height. The earheads are short, about 6 inches in length, and 
may go up to 12 inches according to variety. The earheads 
are compact and comparatively smooth or are long, lax and with 
bristles, and from \ inch to 1A inches in diameter. The grains 
show a great variety in colour, being smooth and shiny and 
coloured yellow, white, cream coloured, orange red, purple, black, 
greenish white, buff and so on. Varieties are given names 
which are generally descriptive of the colour and appearance 
of the earhead. 
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Pests and diseases. — The insect pests which are common on 
ragi, jola and ' sajje ' also attack navane and the remedial measures 
nre the same as have already been described under these crops. 

Navane is subject to the " green ear " disease — Sclerospora 
graminicola— mentioned under 'sajje' and is often badly damaged 
as the result. The remedies are the same as already described. 
Navane is also subject to a smut — Ustilago crameri — aud the 
damage is sometimes extensive. Treatment of the seed with 
formalin — 0'5 per cent formalin for five minutes — or copper 
sulphate affords effective control. ' 

Chemistry and uses. — The Navane grain is cooked and 
eaten like rice either entire or broken ; it is also made into 
sweet puddings and into porridge. The food value of the grain 
is given by the following chemical composition : — 
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VI. WHEAT (Tritlcum sativum). 

Vernacular names for WHEAT :—Kannada-G0Dm, 
Tamil-GODVMAJ, Tafef/M-GODUMELU, Malay alcm-KoT amp AU, .. 
Hindustani — Gehuw. 
Wheat is one of the most important staple foodgraios of the 
human race and in certain respects may be said to be of the 
foremost importance. Wheat is remarkable in the extremely 
wide distribution it enjoys over the whole globe. It can be grown 
not only in the tropical and sub-tropical zones but also in the 
temperate and cold zones of the farthest north, beyond even the 
60tb N. lat. It can stand intense cold, even that of the north- 
ernmost parts of Russia and the polar regions. Sown in the 
autumn it can stand the cold of the severe winter months and 
resume growth with the coming in of the warm spring and 
summer. By the recent technique of 'vernalisation', regions 
in the far north where it was thought impossible to grow wheat 
are now being cultivated successfully with wheat. In altitude 
too, wheat is remarkably adaptable, as it ia cultivated from sea- 
level up to even 10,000 feet. 

Wheat has been cultivated in India from time immemorial, 
as indeed it has been in many other parts of the world. Though 
the area under wheat in India is very large, totalling some 33 
million acres, it is unimportant as far as South India, is 
concerned. More than 95 per cent of the wheat area in India is 
situated north ..of a line drawn from Bomba;y. r :.to -GSIciitta and 
even mine remaining extent the share of Mysore and Madras is 
very insignificant. 
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Soils. — Wheat is grown both as a dry crop and as an irrigated 
crop. As a dry crop its cultivation is confined almost entirely to 
the black cotton soils. As an irrigated crop soils of a lighter 
loamy and alluvial type are preferred, with adequate drainage as 
for a garden crop. 

The soils suited for dryland wheat are the deep fertile, 
black cotton soils, uniform in texture and free from stones, 
gravel or coarse sand. All wheat soils generally are more 
clayey than otherwise. All irrigated wheat on the other hand 
requires a deep well-drained loamy soil ; the extensive wheat 
tracts of the canal irrigated section in Upper India consist of 
deep loams of alluvial origin, very uniform and mellow in 
texture which admits of a profuse development of the root system. 

Rotation, — The crop takes only about three months or one 
hundred days to mature, as cultivated in^this country. Wheat 
is therefore one of two crops taken in the year on the same field, 
and in garden cultivation even of three. In dry cultivation on 
the black cotton soils wheat is sown almost invariably as a late 
season crop about the month of October. Only in exceptional 
cases it is raised as the early or main season crop. Crops like 
the different pulses such as blackgram, greengram and 
cowpeas, and others like gingelly, onions, coriander and short- 
season groundnuts are raised as the early season crops and 
wheat follows them in the same year. In many black cotton 
soil tracts of low rainfall or of rainfall confined to the north-east 
monsoon, wheat forms the only crop of the year and may be 
followed in the next year by Bengalgram or coriander and in 
the third year by a crop of late season jola (white jola) or sajje ; 
these latter are succeeded by one or other of some non-cereal 
crops before wheat is grown again in the rotation. If the rain- 
fall is suitable, cotton is sown in one year and in the next year 
is followed by wheat or one or other of the abovementioned 
crops. In irrigated cultivation, wheat is rotated with a large 
variety of garden crops including irrigated ragi and even rice ; 
the wheat comes in of course only between two non-cereal crops. 
In the extensive sugarcane tracts of Upper India, wheat is 
followed by sugarcane, with either a bare fallow or a green 
manure crop like sannhemp intervening, or wheat followed by 
cotton in one year may be rotated with sugarcane in the next 
year, so that there are three main crops in two yearp . On the 
black cotton soils wheat is sown both pure and in mixture 
with other crops ; these comprise either linseed or safflower 
which alternate with several rows of wheat. When safflower is 
sown, a good portion of the margins all around the wheat field is 
sown entirely with safflower, which on account of its spiny 
character acts as a thorny hedge to keep off stray cattle, 

Cultivation. — (a.) Dry cultivation. The black cotton soil is 
prepared by working the heavy bladed harrow twice after the 
previous c'rop is harvested, and then the levelling board or a 
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light bladed harrow. If wheat should happen to be the only crop 
of the year the field receives a ploughing in addition before the 
heavy bladed harrow is worked, After weeds and the roots of 
the stubble are removed and burnt, the light harrow is worked. 
The sowing is in the month of October and the field is made 
ready for sowing by this time. Seed is sown through seed-drills 
having three tynes about 10 to 12 inches apart, at the rate of 
about 30 lb. per acre. The seeds sprout in four days and show 
well above ground in a week. Within the next week or ten days 
the crop is inter-cultured with the light bladed hoes, which is 
repeated in the course of a month. In about three months, 
usually about the middle of January, the crop is ready for harvest. 
Harvesting is by pulling the plants out by the roots. The crop 
is brought to the threshing floor and is threshed almost imme- 
diately without being stacked for any length of time. Threshing 
is by trampling under the feet of cattle or under the stone, 
threshing roller. The produce is screened and winnowed 
thoroughly before it is stored or sent for sale. The wheat grain 
is either a clean grain divested entirely of the adhering glumes, 
or is covered with firmly adhering glumes or husk according to 
the variety grown. In Mysore considerable wheat of the latter 
kind— usually called 'spelt' — is grown along with the other 
varieties. This spelt wheat has to be husked before it can be made 
use of for consumption, unlike the clean wheat. 

(b) Irrigated cultivation. — For irrigated cultivation 
wheat is sown in the months from October to January. The 
field is prepared in the same way as for dry cultivation, but is 
well manured. Usually about ten cartloads of cattle manure 
are applied and ploughed in. Seed is sown either broadcast or 
in drills in the same way as for dry cultivation. After 
sowing, the field is laid out into beds suitable for irrigation and 
a good soaking irrigation is then given. The seed rate is much 
higher as the crop is sown very thick; about 100 lb. are usually 
sown per acre. The crop is regularly irrigated once in ten days, 
usually by flooding ; if grown on the black cotton soil (as it is 
sometimes done) the interval may be increased to 15 days. 
Weeding is by means of hand hoes and is thoroughly attended to. 
A small quantity of oilcake (250 lb.) or sulphate of ammonia 
(about 60 lb.) may be given as a top dressing at the first weed- 
ing ; the effect is very striking and the growth is very much 
stimulated. The harvesting and threshing of the crop are as 
described for dry cultivation. A top dressing with nitrate of soda 
given when the wheat is about to head out, is claimed to increase 
the nitrogen content of the grain. 

Yield. — When cultivated as a dry crop the yield varies from 
500 lb. to about 1,000 lb, per acre, which latter may be 
considered as a very high yield. In irrigated cultivation the yields 
are very high and may go up to double the above yields. 

Storage of wheat. — On n small scale wheat is stored much 
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iu the same way as other grains are stored, and the 
receptacles are grain bags, earthenware bins, wicker bins, and 
bins with walls of matting plastered over, or formed by hessian. 
Vast quantities of wheat are however stored in bulk either in 
large rooms or in underground granaries. These latter are 
mostly plain excavations in the ground and in these the grain is 
subject to much damage on account of underground moisture. 
Substantial underground granaries are also built with sides of 
stone or brick work, or cement concrete, in all of which the loss 
on account damp is largely avoided. The concrete granaries are 
about the best, as they can be kept clean and free from storage 
pests. In many of the above forms of storage, the grain is much 
damaged by weevils, mainly the " Calandra orynae " and the 
" Trogoderma hhapra " although on a small scale many sub- 
stances believed to act as repellents are added t j the grain heap. 
In foreign countries and especially in the D. S. A. and Canada, 
the system prevails of storing wheat in " grain elevators ". 
These structures handle wheat in bulk almost as if it were a fluid, 
and dispense with the use of bags and of manual labour for 
carrying them. Divested of many details of construction, these 
elevators are essentially structures comprising a number of tall 
circular masonry or metallic bins, which.may be small and few 
in number in the smaller plants but very large and many in the 
larger establishments. Grain from railroad waggons or farmers' 
lorries is emptied into a large hopper situated at the base of the 
structure, from which it is picked up and hoisted to the top of 
the bins by a series, of elevator buckets, much like water in the 
buckets of a Persian wheel. The grain is delivered at the top 
into a kind of channel or gutter running between a double row 
of bins, and in this it is moved or propelled forward by means of 
an Archimedian screw ; as the stream of grain flows along it is 
turned into one bin after another until the whole series of bins, or 
such as may be necessary, are filled very much like irrigating one 
bed after another in a vegetable patch. For taking out the grain, 
the bins have spouts fitted to them at a suitable level at the base ; 
when they are opened the grain flows from the bin into railroad 
waggons or into the hold of ships standing by. The elevators are 
all built of course in situations convenient for this purpose. The 
only one of its kind in India was erected in Lyallpur in the Punjaub 
but for various reasons it has not proved a popular institution. 
Botany and varieties. — Wheat belongs to the natural order 
' Graminese ' and the genus ' triticum '. Several species are 
under cultivation which are distinguished from each other mainly 
by the number of fertile flowers in each spikelet. The 
inflorescence is a spike and the spikelets which spring from the 
central rachis comprise one or more flowers; according to the 
species, one, two or three among these flowers are fertile and set 
seed while the others do not. Thus, ' Triticum monococcum ' has 
two flowers in each spikelet of which only one is fertile; ' Triticum 
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polonicum ' has four flowers and only two are fertile; "Triticum 
sativum' has spikelets in which two or three flowers are fertile. 

The bulk of the cultivated wheats of the world belong to the 
last species, ' Triticum sativum ' ; in which a large number of 
races and sub-races and varieties are distinguished. The wheats 
cultivated in India are 'Triticum vulgare', 'Triticum dicoccum ', 
'Triticum compaction' and 'Triticum durum'. 'Triticum 
vulgare' is the wheat which is grown most extensively in 
India ; the grains are white or red in colour, ranging from soft 
to hard ; they are grown both dry and under irrigation. This is 
the species which is largely used by the milling industry for the 
manufacture of flour. Both awned and awnless types exist. 
'Triticum dicoccum ' — also called Emmer and Spelt — -has grains 
in which the glumes are adherent and have to be husked ; the 
grains are hard and flinty and slender. This variety is the one 
grown under irrigation in Mysore, Madras and Bombay. 
' Tritium compactum ' is a dwarf wheat with soft rounded small 
grains and is grown only on a small scale especially in the 
Punjaub. ' Triticum durum ' — also called ' Macoroni ' wheat — 
has grains which are long, pointed, hard and flinty, with a high 
gluten content. A striking outward feature of many varieties is 
the presence of long awns, and the varieties may broadiy be 
classed into ' awned ' and ' awnless.' Another feature made use 
of in classifying is 'beardedness ', varieties being classified as 
'bearded' and 'beardless' wheats. 

Wheats in commerce are often distinguished as soft and hard, 
qualities which depend upon the gluten content of the grains, 
the soft wheats being more starchy and less glutinous, than the 
hard wheats. They are also judged by a baking test ; the soft 
wheats give a loaf somewhat dense in structure and smaller in 
size, and the hard wheats give a loaf a little larger in size and 
porous or spongy in structure. 

In regard to the uses to which wheat is put as an article of 
food in India, the hard wheat of the ' durum ' type and the hard 
types in the 'T. vulgare' group are found the best for the 
making of ' chapatis' '. These same types are found most suitable 
for ' suje ' required for ' halva' and ' xcppumav ' and for the north- 
Indian preparations ' sew ay an' and 'rabri'. For purposes where 
starch forms the important ingredient such as for sizing in 
textile mills, flour from softer wheats is of course preferred. 

Many improved strains of wheat, which have been bred at 
the Pusa Research Institute, have come into general cultivation 
and largely replaced the old local varieties. The best among 
these are the P. 4 and the P. 12. varieties. 

Pests and diseases. — Wheat is not subject to any insect pests 
of importance in South India. The stem borer (Sesamia 
inferens W.) and plant lice may be mentioned but the damage is 
insignificant. Wheat in storage suffers badly from the pests of 
stored grain, control measures against which have already been 

6* 
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described. As in the case of other grains and pulses, thorough 
cleaning and drying of the grains and preservation in fairly air- 
tight receptacles will keep down the pest. On a large scale 
fumigation with carhon bisulphide has to he resorted to. 

Wheat is however subject to certain diseases which are as 
widespread and destructive as they are difficult of control. These 
are the rusts of wheat, black, brown and yellow. The ' yellow 
rust' is what is most commonly seeD in Mysore and whole fields 
may be seen to be attacked and the crop ruined. The disease is 
seen in the form of yellow rusty spots on the leaves, especially 
when the crop is well grown, which extend and eventually dry 
up the crop. No control measures are known and the breeding 
of resistant varieties is now receiving great attention in India. 
Eesistant varieties may before long be evolved, although the 
races of the ' rust ' are many and varieties immune to all may be 
very difficult to evolve. Wheat is also subject to ' smut ' and 
' bunt ' in the same way as other cereals, the uffeeted grains 
becoming reduced to a mass of black powder. Three different 
kinds are peculiar to wheat and these are (1) the "flag smut" 
(Urocysti tritici) which is present usually on ihe leaves and shoots 
and later in the earheads also, (2) the 'Bunt' (Tilletia tritici) 
which is serious and attacks the earheads, (3) the ' Loose 
smut ' (Ustilago tritici) which also attacks the earheads. The 
treatment for all the three diseases consists in subjecting the 
seed to spore-killing agencies like hot water, formalin and copper 
sulphate. The ' flag smut ' can be checked by treating the seeds 
with formalin, the ' bunt ' disease by treating the seeds with a 
two per cent solution of copper sulphate until every seed is 
bathed in the solution, and the 'loose smut' by immersing the 
seeds in hot water (129 degrees F.) for a period of ten minutes, 

Uses and composition. — The largest and the most important 
use of wheat is as human food, as bread, both leavened and 
traleavened, as biscuits, cooked like rice or put up in numerous 
other forms in different countries. A good deal of wheal! bran, 
chaff and the coarser parts form valuable cattle feeds. Wheat is 
also used for the preparation of starch required for sizing in 
textile mills. 

The composition of the wheat grain varies to some extent, 
depending upon the species, type or variety, and upon the soil 
and climatic conditions. The average composition of Indian 
wheat is as below : — 
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The gluten (represented by the albuminoids) is subject to 
great variation, the extremes being 8 per cent in the very soft 
kinds and 24 per cent in the flinty kinds (Percival). 

The different parts of the wheat grain such as the germ, and 
the different layers of the grain from the outer surface to the 
interior of the kernel, differ in composition. In modern milling 
methods, the technique is such that the different portions are 
largely separated and flour of different composition can be 
obtained. Thus of nitrogen and of oil these contained 
proportions as below : — 
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Production and trade. — The- total area under wheat in 
India is 34'4 million acres and the production is estimated 
at 9"5 million tons. Wheat was being exported at one time in 
large quantities from India but the export has steadily declined 
and in 1935-36 was only about 62,000 tons, by both sea and land. 
Likewise the imports have also greatly fallen and in the same 
year the quantity imported by land and sea was only about 22,000 
tons in round figures. 

As already stated, the wheat areas in South India are 
insignificant. The area in Mysore is only about 2,500 acres and 
that in Madras is about 18,000 acres. 

VII. SAVE (Panlcum miliare). 

Vernacular names for SAVE ; — Kanmda-SA.VE, 
TamiZ-SHAMAi, Telugu-8 amaltj, Malay alain-QnAUA, 
fiwidws'am-SHAVAN. 
' Save ' is another dryland grain of minor importance. It is a 
quick growing crop of three months' duration grown under con- 
ditions of low rainfall with moderately good yields of both grain 
and straw. As in the case of the other dryland grains, its 
drought-resistant character and its ability to mature a crop how- 
ever small even in years which may be considered famine years 
are its special advantages. In Mysore, it is a crop of some im- 
portance in the eastern taluks where the rainfall is generally low 
and conditions of distress are of frequent occurrence. It is 
really a poor man's crop. The cultivation though not extensive 
s general throughout India. 
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It is a crop of the main rainy season and is raised in the 
months of July to October. The fields are prepared well with 
frequent ploughings, during May, June and July and gob ready 
as if for a better class of crop like ragi. In fact, ragi, is sown if 
timely rains are received , but as this is not generally the case, 
' save ' is sown instead. The seed is sown in drills and covered with 
the bladed harrow, or is sown broadcast and covered with the 
plough or a toothed harrow, the seed rate being about 8 to 10 lb., 
per acre. A mixed crop of horsegram or ' togare' may also be sown 
though this is not usual, the crop being sown pure and followed 
in the next year with horsegram. Little or no after-cultivation 
is given and the crop matures in three to four months, depending 
upon the variety sown. The variety called 'kari' ripens in four 
months, the variety called ' bili ' ripens in 3f months and the one 
called ( malige' ripens in three months. The crop is harvested by 
pulling oub the plants whole with ; the help of sickles in addition. 
The sheaves are stacked for a week and the grain is threshed out 
by trampling under the feet of oxen. The straw is very thin and 
soft and is readily eaten by cattle. In olden days it is said to have 
been much used for stuffing pack saddles, on account of its softness. 

The yield of grain amounts to some 300 to 500 lbs. per acre 
on the average while in good seasons it may go up to 800 lbs. 
Like the other millets, the ' save ' is an annual grass ; it has thin 
leafy stems, tillers profusely, and attains a height of two to four 
feet depending upon the variety. The panicles are about a foot 
in length, with drooping filiform branches. Out of the four 
glumes, the first two are empty, the third contains a neutral flower 
and only the fourth is bisexual and bears seeds. The grains are 
either white or greenish white in colour. 

The food value of the grain is given by the following chemical 
composition : — 
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VIII. HARAKA (Paspalum scrobiculatum). 

Veknacular names bor HAEAKA :— Kanmda-TtAB,AKA, 

Tamil-YABAQV, Tehgu-AnmELU, 

Hi ndustani- Kodka . 

' Haraka ' is easily the coarsest among the food grains and also 

remarkably drought resistant. It is relegated to rough gravelly 

and stony sous, light upland soils and all poor soils generally, or 

the red ashy grey and hght red types. Iu spite of adverse con- 

dnnons the crop can struggle on even on these soils and yield a 
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small crop of coarse grain and a straw low both in quality and in 
quantity. The crop occupies the ground for six months, a period 
longer than that of any other dryland grain. 

It is a crop of minor importance and only small areas are 
cultivated. Only one crop is raised in the year and it is followed 
in the next year with horsegram or castor. The field intended 
for 'haraka ' is ploughed several times in the months of May to 
July after heavy rains are received and is prepared well as for the 
better class of grains. The grain is sown broadcast after a good 
sowing rain about the end of July. It is also sown in rows either 
in drills or in plough furrows. The seed rate is about 20 lbs. per 
acre. When the crop is about six inches high the field is worked 
with the toothed interculturing hoes once along the length of the 
field and once across. Sometimes a hand weeding is also given. 
In Mysore, the crop is grown under comparative neglect, attention 
being given to it only after the needs of the other crops are fully 
met. The long season over which the crop grows favours many 
kinds of weeds which grow unchecked and even ripen and set 
seed, In six months the crop is ready for harvest ; it is cut close 
to the ground and brought over to the threshing floor, where after 
lying in the stack for about a week it is threshed by trampling 
under the feet of oxen, The crop attains a height of two feet 
and tillers only moderately with the result that the straw is quite 
inconsiderable. It is poor fodder and is not much eaten by cattle. 
It generally goes into the manure heap. In Madras, it is said to 
be applied as manure for alkaline soils. The grains which some- 
what resemble the grains of buckwheat have a hard horny coat, 
which has to be broken and removed before the edible part inside 
can be obtained and used. The outturn of flour in the grain is 
low and the process of removing the husk itself is troublesome. 
The grain usually contains considerable admixture of weed seeds, 
from which it has to be cleaned thoroughly. It is generally eaten 
by only the very poor among the agricultural classes. 

The yield of grain in Mysore varies greatly from 200 lbs. to 
500 lbs. per acre. The crop is sometimes grown with some care 
like other crops and then a mixed crop of ' togare' is sown with it 
and even manure applied. Yields in such cases may go up to 
600 lbs. and even 800 lbs. per acre. 

Botany and varieties. — 'Haraka' belongs to the genus 
Paspalum and is quite distinct from the other cereals. It is a 
smooth annual grass growing somewhat erect, attaining a height 
of 18 inches to 2 feet and tillering to a moderate extent. The 
leaves are stiff and thick, adding to the erect appearance of the 
plants. Both stems and leaves are suffused deep red in colour 
especially when conditions are very dry. The leaves are very 
narrow and extend beyond the length of the inflorescence. The 
inflorescence is a thin long raceme with the spikelets arranged 
on one side of a flattened rachis. The spikelets are one-flowered. 
There do not appear to be any distinct varieties under cultivation. 
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Pests and diseases. — Haraka is very hardy and singularly 
free from pests and diseases. A common trouble however is with, 
the white ants which follow in the wake of the very dry condi- 
tions and the comparative neglect to which the crop is subject. 
Many plants often succumb, leaving gaps here and there. 

Among diseases, a rust disease and a smut are reported, but 
both are rare and insignificant. 

Chemistry and uses. — The grain is recommended as 
a substitute for rice to patients suffering from diabetes 
in the same way that ragi and wheat are recommended. Both 
grain and straw are said to develop a poisonous principle under 
certain circumstances which renders them unfit for consumption. 
It is also believed that the grains under certain conditions may 
cause vertigo. The chemical composition of the grain showing its 
food value is as below . — 
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IX. BARAGU (Panicum Mlliaceum) 

VEENACtTLAB NAMES fob, BAHAGU :— Kannada — BARAGU ; 

Tamil— Panivaragtj, KadaikaNNI ; Telugu— 'VARIGALU ; 

Bindustani — BaERI. 

Another minor crop of some importance is'Baragu', Panicum 
miliaceum, which is closely similar to the crop 'Save' (Panicum 
miliare). It is a quick growing grain crop, which is highly 
drought resistant, and is esteemed accordingly for growing as 
an emergency crop, when the season is past for the sowing of 
the main season food crops like ragi and jola or in situations 
which could not be got ready for sowing in the main season. In 
Mysore, it is almost exclusively a dryland grain, though else- 
where as in Madras it is usual to grow it as an irrigated crop also. 
As one of the millets of the. world, it is one of the oldest grain 
crops and is grown extensively over many parts of. the world, be- 
sides occurring as part of the natural vegetation. Claimed 
variously to be a native of Central Asia and of Egypt and Arabia, 
the grain has a wide range of cultivation, which extends from 
Japan through China and Central Asia to Southern Russia, Central 
and Southern Europe, throughout Africa and the larger part of 
the American Continent. 

Like the other inferior millet 'Save,' it is grown generally on 
the poorer types of soils, the better soils being devoted to 
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major grains. It is grown mostly on the red loamy soils and the 
grey light loams and sandy soils. The heavier types, the dark 
rich soils and the black cotton soils are not put under this crop. 
It is raised as a ' hingar ' or late monsoon crop and is often the 
only crop of the year, chiefly because no crop could be sown in 
the early or in the main season on account of lack of rainfall. 
The land is generally in a well-prepared condition, when the 
crop is grown on land intended for ragi or jola bnt more often 
the preparation is very little as the crop is sown in a hurry and 
the land could be ploughed only once or twice. The crop 
however responds to good cultivation ; and if conditions would 
permit, then the soil will have to be ploughed well, clods broken, 
stubble and weeds removed, the surface harrowed and a good 
tilth obtained. These operations should in any case be complete 
before the beginning of October when the crop has to be sown . 
Seed is sown through seed drills in rows nine inches apart and 
covered with a brush harrow. Seed is sown at the rate of about 
8 to 10 lb. per acre. Broadcasting at the same seed rate is also 
adopted when on account of a poor season, both preparatory culti- 
vation and sowing have to be hurried through. Thecrop is later on 
intercultured and also hand-weeded once. In three months the 
crop is ready for harvest. The plants are pulled up by the roots 
and are brought to the threshing floor. As the crop sheds badly 
it is not stacked but is threshed soon after harvest, the grain 
being either beaten out or threshed under the feet of oxen. 
The straw is inconsiderable but it is a good fodder. The yield is 
varying and generally precarious but in well grown crops it may 
amount to 400 to 500 lb. of grain pec acre. Under irrigation 
the yield may go up to double this quantity. 

Botany and Varieties,~~BaxebgvL-Panicwnmiliaceum — belongs 
to the order Graminese, and is an erect herbaceous annual, 
which tillers freely and grows rather low, reaching a height 
of 18 inches to two feet. The roots are fibrous and very 
shallow. The leaves are linear and slender and the leaf 
sheaths enclose the entire, internodes. The inflorescence is a 
panicle, slender and much branched, with the spikelets 
at the tips of the branches, generally in ones and twos. 
The last or fourth glume encloses a perfect flower which sets 
grain. The glume and pale are firmly attached to the grain. 
There are several varieties which differ mainly in the colour of 
the grains ; these ace grey, yellow, olive grey, and ivory yellow 
according to variety. 

Pests and diseases, — The crop is not subject to any insect 
pests of importance nor to any fungous diseases. A smut 
disease" in which the whole earhead is affected is seen to attack 
the crop but it can be controlled by treating the seed with 
copper sulphate as in the case of the jola smuts. A kind of rust 
is also seen but neither disease is of any importance. 
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Chemistry and uses.— 'Baragu' is one of the coarse millets ; 
the grains are eaten cooked like rice or ground into flour and 
eaten as porridge or pudding. The chemical composition of the 
grain is as below : — 

Moisture — 1P9 ; Albuminoids— 12'5 ; Fats — l'l ; 
Carbohydrates— 68-9 ; Crude fibre— 2'2; Ash— 3'4 (Aykroyd). 



X. BARLEY (Hordeum sativum). 

Vbbnaculae Names foe BAELBY -.—Kannada-JAYE Godhi • 
Hindus tani — J Atr. 
Barley is a grain crop which resembles wheat in many res- 
pects. It is a crop of very ancient origin and for a long time 
was of equal importance with wheat as a food crop. At the 
present time, however, barley is grown principally for conversion 
into malt for brewing into beer and for distilling into spirituous 
liquors. Like wheat, barley is largely grown only in the tempe- 
rate and cold zones of climate, and is of very minor importance 
in tropical countries. The cultivation extends even further north 
than that of wheat and is said to reach as far north as the 67th 
and 68th latitude North, round the shores of the White Sea in 
Northern Eussia. It is also more adaptable and has a wider 
range of cultivation than wheat. In India, its cultivation may be 
said to be of very minor importance ; it is grown in parts of the 
United Provinces, the Punjaub and the North West Frontier 
Provinces and to a small extent in Bombay and Bengal. In South 
India, it is quite insignificant and may be said to be almost non- 
existent. 

Barley is grown on deep fertile soils, more of the loamy 

type than clayey, in contrast with wheat which flourishes on 

somewhat clayey soils. Barley also requires a well prepared 

soil in good tilth and thoroughly free from weeds. In fact, in 

I the famous " Four- course rotation " of Norfolk, viz., Roots, 

Barley,, J^qver, Wheats t will be seen.. that barley follows the 

; root crops which are the cleaning crops in the rotation, unlike 

) wheat" wfiicE" comes last, following a succession of crops which 

Jeave lire- hind weedy ..and. .greatly in need of- cleaning. 

1 In India, it is cultivated in the late season, i.e., in the months 

October-November, at the close of the North-Bast monsoon 

very much like wheat. It is grown almost as a garden crop 

with moderate irrigation; or as a dry crop on retentive soils. It 

is grown either pure, or in mixture with a variety of crops, 

principally some leguminous crops like peas, Bengalgram or 

lentils. Very often it is grown in mixture with wheat itself, or 

with mustard or linseed. 

Cultivation. — The field for barley has to be ploughed several 
times, clods broken and all weeds and stubble removed and burnt. 
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In garden cultivation, the field is heavily manured with cattle 
manure at the rate of ten cart-loads per acre which is well 
worked in. The field is also harrowed and rolled to obtain a 
fine tilth and a firm seed-bed. Seed is sown either broadcast or 
more often in rows. In the latter case, it is sown generally in 
shallow plough furrows drawn about nine inches apart, the seed 
being dropped through a one-furrow drill. Seed has) to be sown 
very thick, and from 80 lbs. to 100 lbs. of seed are required for 
an acre. The field is lightly harrowed to cover the seed, and is 
left level for forming irrigation beds in the case of garden cul- 
tivation. Where a mixed crop is sown, th*e barley and gram or 
lentil are sown in alternate strips of more or less the same width 
and containing the. same number of rows. In the case of the 
irrigated crop, tbe field is irrigated once a week or ten days. 
The field is kept clean of weeds, and at least one interculture is 
given with a bullock hoe in addition to hand-weeding. The crop 
responds like wheat strikingly to nitrogenous manuring and a 
top dressing with a small dose of ammonium sulphate at the 
rate of one cwt. per acre may be applied which may be supple- 
mented with advantage with one and a half ewts. of super- 
phosphate, The barley becomes ready for harvest in four 
months. Harvesting consists in pulling out the plants with the 
roots or in cutting them down with sickles. The sheaves are 
brought to the threshing floor and stacked, and the grain is 
threshed out after a week or ten days. The sheaves may also be 
allowed to remain in the stack for a much longer period and the 
threshing taken up thereafter. The grain is threshed out either 
by beating out with sticks or by trampling under the feet of 
oxen. 

Yield. — The yield of barley under irrigated cultivation is 
estimated at 1,500 lbs. to 1,800 lbs. of the grain and about a 
ton of straw per acre. Grown without irrigation and as a mixed 
crop, the yield of grain per acre may amount to 800 lbs. or 
900 lbs. 

The average yield in the colder countries as in England 
goes up to 1,800 lbs., while good yields approach 3,000 or even 
3,600'lba. 

The straw is rough, brittle and not good as fodder. 

Botany and Varieties. — Barley— Hordeum sativum — belongs 
to the natural order Gramineas and is an annual tufted grass 
growing to a height of about two to three feet. The root system 
is profuse and fibrous and ' woolly '. The leaves are linear 
lanceolate with a white midrib and the leaf blade is about 9" to 
12" in length and J" to 5/8" in breadth. The ligule is prominent 
and membranous_and the leaf, base is auricled; Th^7n2ore- 
scence is a simple cylindrical spike and consists of many groups 
of three single-flowered spikelets arranged from top to bottom 
on an elongated rachis. The flowering glume in each flower 
bears a long awn. The fruit (barley grain) is adherent to the 
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glume and pale and does not thresh free from these tissues 
(except in the so-called 'naked barley '). 

The cultivated varieties are grouped into three races, viz., 
(1) the six-rowed, (2) the four-rowed and (3) the two-rowed. 
The barley commonly grown in India is the six-rowed type. 
There are many sub-races and varieties distinguished 
which differ in their height, stiffness of straw, length of spike, 
yield of grain and ' malting quality ' of the grain. A famous 
malting barley is ' Chevalier ' (a two-rowed barley) which excels 
all others in this quality, though the plants are said to be deli- 
cate and liable to lodge. 

Many selections have been made and isolated among the 
Indian Barleys, and are being tested for their malting qualities 
with a view to evolving superior malting types. 

Tests and diseases. — Though barley is subject to the 
diseases that are commonly found on cereals, the attack of none 
of these is serious, as in the case of many others. For this reason 
barley is sometimes preferred to wheat as a food grain by culti- 
vators. In common with the other cereals, barley is subject to 
mildew, smuts and rusts ; the remedies are the same as those 
already described under other crops. The attacks, however, are 
far from serious in the case of barley. 

Malting quality. — Barley is judged for quality by its suita- 
bility for malting purposes ; the better this feature of the grain, 
the more highly priced it is. The malting quality depeuds really 
upon the chemical composition of the grain, but external charac- 
ters also form a fair index. A good malting barley contains a 
high percentage of starch and a comparatively moderate or low 
percentage of proteids. The starch should run as high as 62 to 
64 per cent while the proteid content in the best samples 
should not go higher than 9 or 10 per cent. In medium samples 
the proteids go up to 11 per cent while poor ones exceed 12 per- 
cent. A good malting barley gives a rich water extract which 
is at the same time light coloured and clear and not turbid. 
The outward characters which indicate good quality are plumpi- 
ness and weight, a pale yellow or straw colour uniform and not 
blotchy over the grain, a white mealiness (as distinguished 
from flintiness) of internal structure, freedom from mouldiness 
and a high percentage of quick and uniform germination, Many 
of these factors are influenced by the variety, soil, time and 
method of harvesting and threshing and the after-care of the 
grain. 

Chemistry and uses. — The barley grain is made use of very 
largely for the manufacture of beer and of the highly spirituous 
liquors, like whisky, brandy, etc. As a food, barley flour is 
prepared into unleavened bread ; it is also broken and roughly 
ground into "pearl" barley. As already stated the barley grain 
has the glumes firmly attached to it and from these it cannot be 
freed by threshing. The grain has to be broken and then the 
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glumes winnowed off. The glumes are easy of removal if the 
grain is fried. la addition to human food, barley is largely 
used for feeding to cattle and pigs. 

In chemical composition, the following may be taken to 
represent average samples : — 

Moisture 12'5, Albuminoids 11 "5, Carbohydrates 74' 0, Fats 
1'3, Crude fibre 39, and Ash 1'5 (Aykroyd). The grain is 
however subject to great variations in composition. The 
carbohydrates may, for instance, go down to 62 per cent, while 
the proteids may go upto 17 per cent and also be as low as 6£ 
per cent (Percival), 



XI. MAIZE (Zea mays). 

Vernacular Names for MAIZE :— Kamiada-M.vB's.iN Jola ; 
TamiZ-MuKKA Cholam ; TeZwgzi-MoKKA JONNAl.U' 

Malayalam-MAKBA Cholam ; Hindustani-BVTIA. 

Maize, also called Indian Corn, (or merely " corn " in the 
XL S, A.) is a food grain of considerable importance in many parts 
of the world, notably in North, Central and South America. To 
an even greater extent tho grain is used as food for all kinds of 
farm animals, while the plants themselves furnish large quanti- 
ties of succulent green fodder and are grown almost as much for 
their value as green fodder and silage as for the grain. The 
grains find considerable industrial use in many ways unlike other 
food grains, and the dry stalks and other parts of the plant like- 
wise find similar uses. The crop is said to be a native of Central 
America and Mexico from where it has spread to other parts of 
the world. Even in India although there are varieties which 
may be regarded as local, as distinguished from the large number 
of American varieties which bave displaced them, the crop is 
regarded as only a foreign introduction, The crop has a very 
wide range of cultivation and is grown throughout the tropical 
zone ; varieties have also been evolved which suit the colder zones, 
and the crop can be grown in all such regions where the summer 
is long enough to permit its cultivation, and frost does not set in 
too early. In America the crop is grown from the equator to the 
borders of Canada, and the 40th latitude North may be put down 
as the limit of cultivation. In India, maize is a food crop of some 
importance, though it is only in Bengal and the United Provin- 
ces that it is grown on a field scale ; elsewhere to a large extent 
it is grown on small areas almost like a garden crop, 
though in the aggregate, the extent is not inconsiderable. The 
produce may however be said to be almost entirely made use of 
for human consumption. 



94 FIELD CHOPS OP INDIA 

Soils. — Bich soils well-drained and generally light or loamy 
in character and more or less of the type selected for garden crops 
are those which are best suited for the maize crop in preference 
to heavy soils of the clayey or clayey loam type. The easy 
working deep alluvial loams and the red loams which are deep 
and free from coarse materials are very suitable soils. In Bengal, 
however, coarse gritty soils on hill sides are also said to yield good 
crops of maize. The crop requires heavy manuring even on soils 
which may be considered naturally fertile. The heavier dark 
coloured type of loams and black cotton soils which are naturally 
rich can be put UDder maize provided their physical condition is 
improved by the addition of sand. As a matter of fact this is a 
common practice adopted in the case of many garden crops and 
applies equally well to the maize crop. 

Rotatio?i. — There are short duration andlong duration varieties 
in maize; it can therefore form either the single crop of the, year or 
one of two or even three crops grown in the same year. Maize is 
grown both as an irrigated crop as well as a purely rain-fed crop, 
The former is of course invariably the case in garden cultivation ; 
while in the case of the crop grown on a field scale, it may be 
rain-fed or irrigated. It is, however, only in tracts of moderately 
high rainfall exceeding 30" that the crop can be growu as a rain- 
fed crop. The crop can be grown both in the early rains and in 
the later rains, and practically any time of the year in garden 
cultivation. Moreover, maize is grown either by itself or more 
often with a subordinate mixed crop, generally of the low grow- 
ing type which will occupy the ground between the rows of the 
tall-growing maize crop. In_j[a^fiiL_fiuJjbLYa.tion, ifcjs the short 
duration variety which is grown, and is follow ed by one or other 
of a variety of crops such as French beans, potatoes, chillies, 
oni ons o r chrysanthemums and sometimes even by irrigatecTragi 
though this is also, a ...cereal crop. When grown on a field scale, 
^it isj)[therjhe .only, crop, of ..the..y,ear,,Qr_one_oi Iwo,.crops. In the 
former ca.s.e--(as-i'n Bengal) , .wheat i ^ bar ley fqUows.it. In the 

latter case, Bjmj^algr&m^jrmsiard or,..,M'fflQwe,r..,foIlo.wjJL.inlthe 

lata_s£asart. Where it. is_ planted in the late season, -carrots- are 
^own in between the rows. as a subordinate. crop (U. P.). 
^^j Cultivation. — Maize requires a well-tilled and highly fertili- 
sed soil. The preparation of the soil is carried out in time to 
suit the sowing season, which is April-May for the early crop, 
June-July for the mid season and September- October for the 
late season crop. The field is dug deep with hand tools (in small 
scale cultivation) or is ploughed several times ; clods are broken, 
weeds and stubble removed and burnt and the ground well 
harrowed and levelled. Cattle manure at the rate of ten to fifteen 
cart-loads per acre are applied and ploughed in and the field 
harrowed again. In garden cultivation, the plot is laid out into 
beds suitable for irrigation and shallow furrows drawn at distance 
of 12" apart for sowing the seeds. If a subordinate crop is to be 
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sown between the rows, then the latter are made wider, from 
about two feet to three feet apart or more as may be desired. 
In field cultivation, the furrows for sowing are made 18" apart. 
Seed is generally sown by dibbling by baud at a distance of about 
10' from each other in garden cultivation or 18" apart in field 
cultivation. With the soil sufficiently moist with irrigation or rain, 
the seeds sprout in about six days and in two or three days more 
the braids are seen well above ground. Growth is slow at firgt 
but from about the third week the crop grows with remarkable 
rapidity. Weeding, earthing up of the rows and irrigation 
are attended to in the ordinary way. In two months, young 
cobs fit for eating raw or boiled are ready and in three months 
or 100 days the cobs are ready to pick quite mature. The late 
varieties take from four to even six months and these are usually 
allowed to become dead ripe and the plants and leaves to dry in 
the field. More usually, however, the short duration variety is 
sown and the plants are cut down immediately after the cobs are 
picked, when the stems and leaves continue to remain green and 
succulent, Very large quantities of green fodder thus become 
available. 

Yield. — Maize cobs are generally gathered for being sold 
partly as green cobs, somewhat past the dough stage and partly 
as ripe cobs for being eaten toasted. Where the cultivation is on a 
very large scale, the cobs are gathered dead ripe to be hulled and 
stored or sold like any other grain. Ordinarily only one cob 
can be reckoned on each plant, but on rich soils many plants 
may carry two cobs each and 100 plants on the average may 
carry 150 cobs. The ordinary yield of shelled maize may amount 
to 600 or 700 lbs. per acre, but good yields may amount to 
1,200 to 1,300 lbs. In the U. S. A. the average yields range 
from 10 bushels (1 b_ashel=flO_lbs.) in the poor corn States, up to 
36 busheiTTnthebest corn StatesT Yields for the best individual 
fields may go to 60 bushels or 3,600 lbs. per acre. In small 
scale garden cultivation where green cobs are harvested and sold, 
an acre may produce between 20,000 and 30,000 cobs. 

Botany and, Varieties. — Maize— Zea mays — belongs to the 
natural order Gramineaa and is an annual tall growing grass 
considered to be a native of Mexico. It is met with only in its 
cultivated form and no wild species is said to exist; although 
the grass "teosinte " is the nearest approach to it in natural 
vegetation. The root system is fibrous and deep ; adventitious 
aerial roots spring from the lower nodes of the stem and act both 
as anchoring or ' bracing' roots and as feeding roots. The stem 
is thick, rounded and very tall varying from four to ten feet 
according to variety. The plants do not tiller except in rare 
instances such as in some dwarf varieties. The nodes are thick, 
part of the internode is grooved, and the internodes are solid 
unlike in most grasses. The leaf blades are long, broadly linear. 
The flowers are borne on two different parts of the plant ; the 
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male flowers are borne in a cluster (called a ' tassel ') on the 
top end of the stem as a terminal panicle, -while the female 
flowers are borne inside the young cob which springs from one 
of the nodes on the stem. The male spikelets are two-flowered 
and the stamens are three in number. The female spikelets are 
one-flowered, sessile and densely packed in several vertical 
series on the thick and cylindrical rachis. The style is a very 
long silky filament (the cluster of which is referred to as " silk ") 
and tbe ovary is obliquely ovoid and plano-convex. The 
grains are rounded, flattish and disc-like, and are of 
varying colours such as yellow, red, orange, purple and 
creamy white. There are a very large number of varieties 
in cultivation which differ not only in characters like 
height of growth, duration of crop and colour and shape of seed 
but also in the character and composition of the seed and its 
suitability for various purposes. The following varieties are 
distinguished in the U. S. A. : (1) Dent corn, (2) i'linfc corn, (8) 
Pop corn, (4) Soft corn, (5) Sweet corn—all of which differ 
mainly in the respective proportion and character of the different 
parts in the interior of the seed. A curiosity is the " Pod Corn " 
in which each seed is enclosed in a miniature pod- or husk and 
the whole cob also similarly enclosed. In recent years a cross- 
bred type called " Hybrid corn" has been evolved which is re- 
sistant to the borer insect and is a heavy yielder and which is now 
largely in cultivation. A great intensification of the difference in 
the character of the seed such as starchiness, oiliness, proteid 
content and so on has been secured as the result of breeding by 
"selection." 

Pests and diseases. — The maize plant is subject to many of 
the insect pests that attack ragi, jola, and other grain crops such 
a3 grasshoppers, hairy caterpillars, shoot borers, etc. The 
remedies are the same as have been already described. The crop 
suffers in addition by insect attacks on the cobs; These are larvaa 
of a large greyish brown moth — Heliothis obsoleta — and are the 
same as the cotton boll-worm. They feed on the tip end of the 
cobs and destroy the grains at this end. They also destroy the 
leafy tissues near the cobs and open the way to weevil attacks 
on the ripe grains. The remedy is only of a preventive charac- 
ter and consists in ploughing up the field after the harvest, 
thereby destroying the pupte resting in the soil and stubble. 
The grain is attacked both in the field on the cob itself and later 
in storage by the weevils attacking stored grain. The attack 
in the field is almost impossible to combat and the remedy lies 
only in growing resistant varieties. In storage, the large scale 
method of fumigation by carbon-disulphide is the only effective 
remedy. In a small way and for seed purposes cobs can be 
preserved as such, tied to the ceiling in the kitchen where smoke 
and heat keep them free from weevil attack. 
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Maize is subject to the attack of a corn smut ( Ustilago 
maydis) in which the contents of the grains consist of the black 
spores of the disease and the grains are rendered useless. The 
disease is not seed-borne and is not amenable to any seed treat- 
ment. Burning of the crop debris and a suitable rotation are 
the methods of prevention which are of some practical value. 

Chemistry and uses- — The maize crop is utilised in very 
many ways somewhat in contrast with the other grain crops. 
It is firstly a food grain of considerable importance, being eaten 
aa such and more largely ground into flour. The grains form 
an important cattle food, being fed to farm cattle, horses, and 
pigs. The different parts of the plant and the grain are put 
to a number of industrial uses and various articles are manu- 
factured from them. Thus the " silks are used as a filter, husks 
for the making of mattresses, the pith of the stalks for the pack- 
ing of coffer-dams of battle-ships, the outer parts of the stalks 
for the making of pyroxylin varnishes and paper, cobs for the 
making of corn pipes." The papery covers of the cobs are used 
as wrappers of the " clove cigarettes " of Malaya, and for 
"tamale", a Mexican dish. The stalks and cobs are made use 
of for the preparation of furfural. The grain itself furnishes (I) 
Corn oil, which is extracted from the germs; the oil is used as a 
cooking oil and also for being vulcanised and used as a substitute 
for natural rubber and (2) from the starch, products like 
(a) glucose, <b) dextrin and (c) American gum, (d) starches for 
edible purposes and laundry. The special variety called the 
" Pop, corn ", the grains of which are characterised by a hard 
corneous interior structure, are converted into the " popped " 
form which is a favourite food in all maize-growing countries. 

The maize crop furnishes also huge quantities of green fodder 
which is used mostly in the form of silage. The crop lends 
itself admirably to ensiling both by. itself and, as is more often 
the case, in combination with a leguminous green crop like 
lucerne (alfalfa) or cowpeas. i 

The chemical composition of average samples of maize grain 
is as shown below ; — 
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SECTION II 

PULSES 
!. TOGARE (Cajanus Indicus). 

Vernacular names for TOG ABB :— Kannada-TOG&.W ; 

TamiZ-TovABAi ; Tehigu-KAXVAiiV ; Malayalam-TuvBRA ; 

Hindustani-Tvs,. 

' Togare ' is an important crop which furnishes an indispen- 
sable part of the daily dietary in South Indian homes. As a 
cultivated crop, it is said to have existed in India from very 
ancient times although it is claimed that the home of the plant is , 
outside India. It is grown extensively throughout India while 
in South India it is the pulse crop that is most in daily use, 
supplementing as it does by virtue of its being a rich proteid 
food the highly starchy diet of the people of this part of India. 
In Upper India, its importance is shared by the other pulses like 
Bengalgram and lentils. It is grown almost invariably as a 
mixed crop with the dryland cereals ragi, jolaand 'sajje' and the 
conditions of soil, climate, the season for sowing and the method 
of preparation of soil already described as suited to these 
crops apply to the ' togare ' crop as well. In South India, it is 
grown almost entirely as a dry crop although one variety is to 
some extent grown as an irrigated garden crop also. In Upper 
India, however, over considerable areas the crop is irrigated. 

Cultivation. — The crop is grown as a mixture in ragi, jola 
or ' sajje ' in rows about six feet apart, the space between two rows 
being occupied by the cereal crop. The seeds are dropped into 
plough furrows either by hand or through a one-furrow seed-drill 
— the 'sadde' — and covered by one or other types of harrows or 
merely with the feet as the sowing goes on. Sown in this way, 
about 4- lbs. of seed is used for an acre. The sowing takes place 
in the months of May to July, the early sowing in the case of 
the Kar ragi or early season jola and the later sowing with the 
main season ragi or jola. In ten days the plants show above 
ground. The crop shares in the hand-weeding, inter- culture and 
other operations carried out for the cereal crop. The ' togare ' 
plants are considerably thinned out in this way, so that they 
stand about 12 to 18 inches apart in the rows. The plants 
make very slow growth until the cereal crops are harvested and 
removed. The ground between the rows of 'togare' is now 
ploughed or worked with the bladed harrow and the growth 
thereafter is quick and vigorous, With good seasonal conditions 
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the plants attain a height of some five or six feet, with numerous 
side branches and covers the ground almost completely. The 
stem becomes thick, woody and strong, attaining a girth of 
about four or five inches at the base near the ground, where the 
plants have been thinned to about two feet from each other in 
the rows. Otherwise, the plants do not attain this sturdy growth. 
Flowering goes on continuously over two months and flowers, 
green unripe fruits and ripe pods are all to be seen at the same 
time. A good deal of picking of the ripe pods has to be carried 
out before the plants can be cut down, so as to prevent the pods 
from splitting and scattering the seeds. The crop is harvested 
in from sis to eight months, i.e., from December to March. 
Much of the leaves are shed by this time and form a mat on the 
ground adding no doubt to the fertility of the soil, The plants 
are cot level with the ground and loaded into carts provided with 
cribs in order to save the seed dropping from the ripe pods which 
split to a large extent. In the threshing floor the bundles of the 
plants are arranged in an erect position with the branches point- 
ing upwards and are then beaten with long sticks to thresh out 
the pulse. 

To a small extent, togare is grown as a pure crop also in 
South India, and in North India over immense areas. The seeds 
are, in these cases, sown in rows about three feet apart and in 
the rows themselves either two feet from each other or three feet. 

The variety called 'garden togare' is a large bush 
and occupies the ground for more than a year almost like a 
perennial. It is grown on the margins of sugarcane fields 
almost like a thick hedge. It is also grown in gardens along 
with turmeric, sweet potatoes and various vegetable crops, all of 
which latter are grown as ground or low growing crops between 
the rows of the ' togare ' which grows high and bushy enough to be 
regarded as a shade crop, for the turmeric. The togare is sown 
in rows about six feet apart and almost the same distance in the 
rows. The pods are picked green when the seeds are three- 
quarters ripe and the seeds are removed and eaten like green 
peas. Both the fruits and the seeda are much larger than in the 
dry land variety or field ' togare.' 

Yield. — Yields from the field crop are generally high and 
will range from 400 to 600 lbs. per acre when grown as a mixed 
crop. If grown pure, yields may go up to between 800 and 
1,000 lbs. per acre A Mysore seer of ' togare ' weighs 'Si lb. 

The husks or parts of the dry pods after the seeds are 
threshed out are considered valuable as a cattle feed and are 
therefore carefully preserved, usually, inside the straw stacks. 
The dry stems are used for various purposes such as a thatch for 
the large jola straw stacks, for lining the sides of carts and 
generally much like wattle or wicker for different purposes. They 
are also used as fuel and the ash is said to be bought up by 
makers of gunpowder. 
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Botany and varieties. — The ' togare ' plant belongs to the 
order Leguminoseae and is classed as a sub-tribe ' Cajaneee ' under 
' Phaseolese,' one of the divisions of the ' Papilionac'ese.' It is a 
perennial woody shrub grown, however, as an annual. The stems 
are strong, woody and rounded, slightly ridged* freely branching 
and reaching a height up to eight feet* The root system is deep 
and extensive and covered with nodules. The leaves are pinnately 
trifoliate, the leaflets being oblong lanceolate and detted with 
numerous minute glands on the lower surface. The inflore- 
scence is a raceme, terminal or springing from the axils, in the 
upper branches of the bush. The calyx is campanu'ate and 
toothed, the corolla standard yellow, or veined with black and 
blotched yellow, the wings obliquely obovate and clawed; the 
keel has an incurved lip, the stamens are diadelphous, the ovary 
sub-sessile, and the style long and beardless. The pods are two 
to four inches long according to variety, about a quarter inch in 
breadth, densely glandular, pilose and dark green with purple 
streaks. The seeds are 2 to 5 in number and are separated from 
each other by slight depressions on the outside of the pods. 

Two varieties are distinguished, viz., Cajanus indicua vai'. 
flava, and C. indicus var. bicolour. The latter has the corolla 
standard somewhat yellow blotched and veined purple, with the 
wings also likewise tinged purple. The pods are longer and 
wider than in the former variety. The seeds are also more in 
number, between four and five as against two and three in the 
former. In the field ' togare ' itself, viz., the ' flava,' two types are 
known, one of which is an early maturing type and the other a 
late maturing one. 

Pests and isdeases. — ' Togare ' plants in the young stage are 
subject to the attacks of the jola grasshopper and the hairy 
caterpillar, along with the ragi or jola crops with which they 
are grown as a mixed crop. The control measures have already 
been described under ragi and jola. When the pods are formed, 
they are attacked by pod-boring larvse of several kinds which eat 
into the young seed and do considerable damage. These are 
(1) the Heliothis obsoleta, (2) Bxelastis atomosa or the plume 
moth and (3) maggots of the fly, Agromyza obtusa. For none of 
these pests is any satisfactory remedy applicable on a field scale 
known. The plants are also subject to many other pests, leaf 
eating, stem and pod-boring and sap-sucking, the damage from 
which, however, is seldom serious, 

' Togare ' is subject to the pests of stored pulses and grains in 
the same way and to the same extent. The damage caused is 
always serious and unless great precautions are taken, a large 
percentage of stored 'togare ' will be found-showing the holes 
characteristic of the attacks. Seed ' togare ' is preserved in basket- 
like receptacles made of straw twist, and often mixed with ashes, 
chilly powder and so on, in the belief that these act as repellents. 
A better method will be to dry the seeds in the sun thoroughly, 
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clean them and then preserve them in earthenware or metal 
receptacles; covering the top with a two-inch layer of sand. 

Wilt disease,— The most serious disease of togare is the 
wilt disease. Plants -are attacked both, in the young stage and 
when grown up; it is, however, the latter that is conspicious and 
attracts notice. Large well-grown plants are often seen to 
succumb completely and dry up on account of the disease. Fields 
may be met with in which the diseased plants are in patches 
here and there all over the field, the healthy areas being occupied 
by the part of the crop which is evidently resistant. The wilt of 
the ' togare ' is different from the wilt of the cotton plant. The 
'togare ' wilt is due to the attack by a soil-dwelling fungus — Fus- 
arium udum, Butl. — which gains entry into the plant through 
the root and which can live in the soil for long periods even in 
the absence of the host plant. Infection also takes place by 
means of wind-borne spores, from attacked plants even from a 
considerable distance in the field, though such infection can 
obviously begin only when the crop is well grown and late in the 
season. The remedy seems to lie only in the growing of resistant 
types; many such have been isolated in the different provinces, 
which are claimed to be very materially immune. 

Dhall or Split Pulse.—' Togare' is converted into 'dhall' or 
split pulse with the husks removed before it is sold for consumption. 
For this purpose the seeds are put into water and kept fully sub- 
merged for some six to eight hours, until the outer skin just 
begins to show wrinkles. They are then taken out, smeared 
over with a paste of red earth and kept heaped up for eight to 
ten hours, The husks of the seeds become somewhat softened 
in the process and also slightly loosened from the fleshy cotyle- 
dons which form the, dhall. The seeds are then spread out in 
the sun to dry and are taken for husking soon after or are some- 
times mixed with the moist red earth a second time, heaped up 
over night and then put out to dry in the sun, "When quite dry, 
they are put through a sieve and also winnowed in order to 
remove the adhering earth; the husking itself follows thereafter 
and is conducted either with a mortar and pestle or with the 
domestic husking or grinding mill, which husks but does not 
break the 'dhall'. In this process the husks are removed and the 
seeds split into the two cotyledons. The mixture of the ' dhall ' 
broken bits and husks is then winnowed and sifted. Dhall can 
also be prepared by what is known as the "dry process". J? or 
this purpose the pulse is smeared over with gingilly or coconut 
oil, dried, and then put through the husking mill; a portion 
becomes split and de-husked. Thisps^now separated and the 
remainder is./g^in tre,a$ed; y$% ©il,,;^^ and, put through the 
mill. A further, por tyon is/split and de ; |^k|^ and $fter separat- 
ing this out, the process is repeated with^what'remaiiis",, 'The 
splitting and husking take place thus in fractions, and' three 
or four repetitions are required to complete the process. The 
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' dhall' is sold for human consumption and the husks and broken 
bits for cattle feed, for which purpose it is greatly esteemed and 
is in great demand, especially for animals in milk. 

Boiling quality — The boiling quality of 'togare dhall' is an 
important character which decides the price of the article. 
Those grades which boil or soften quickly with a large portion of 
the constituents diffusing into the water in which it is boiled are 
considered the best, and those which are poor in this respect and 
are inordinately slow in softening and diffusing rank much lower. 
Varieties In which the 'dhall' is thick, small and almost rounded 
are preferred to those in which the dhall is thin and flatfish and 
somewhat larger in diameter than the first. They are appropri- 
ately referred to as 'leaf-dhall'. Poor qualities also contain 
considerable admixture of greenish 'dhall ' which is due to the 
seeds being not quite mature, Both variety and soil probably 
influence the boiling quality and it is sometimes believed that 
the presence of considerable lime in the soil as in the case of the 
black cotton soils improves the boiling quality. The water used 
for soaking and for mixing with the red earth paste is also 
credited with special properties but the matter is not at all 
properly cleared up, in spite of its important bearing upon the 
quality of this widely used pulse. 

Chemical composition.-—' Togare dhall ' is an important article 
of consumption and enters largely into the everyday dietary of 
the people. It is cooked by itself and' then eaten as such or 
more often in mixture with other ingredients in the shape of 
curried soups and other Indian dishes. It must be considered 
us perhaps the most important proteid food among the people of 
South India. The chemical composition of the dhall and of the 
unhusked seed is as follows : — 
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II. AVARE (Dolichos lab-lab.) 

VBBNAOULAB NAMES FOE AVAEB : Eannada — Avare ; Tamil— 

MOCHAI; Telugu— AnUMULU; Malayalam — MACHAKOTTA : 

Hindustani — BallAR. 

'Avare' is one of the important field beans of South India and 
is very largely grown in Mysore. In the dietary of the working 
classes in Mysore with whom ragi is the staple cereal food this 
bean is almost a daily ingredient, supplying as it does the 
protein supplement to the cereal grain. It is a crop cultivated 
almost entirely as a dry crop and in regions where the rainfall is 
about 25 to 35 inches ; in regions of heavy rainfall like the 
malnads the crop does not thrive. It is a widely cultivated crop 
in India and can be grown even at high elevations of about 
6,000 feet. 

Cultivation, — The crop is grown almost invariably as a 
mixed crop, the main crop being ragi. The preparation of the 
field for the ragi crop— which has already been fully described — 
applies to this crop also. Along with ragi this crop is sown in 
the months of June — July ; the sowing is carried out either 
simultaneously with the ragi, in which case it is sown through 
a one furrow seeddrill, the 'sadde ' tied behind the twelve tyned 
ragi drill, or is sown separately after the ragi has been sown broad- 
cast, being dropped into plough furrows drawn about six feet . 
apart. The crop shares during its growth the same intercultur- 
ing, weeding and thinning operations -which are carried out for 
the ragi crop. It makes only moderate growth during the time 
that the ragi occupies the ground but soon after the ragi is 
harvested the growth of the ' avare ' goes forward quickly and 
flowering commences very soon thereafter which is generally 
about the middle of the month of November, It is a semi- 
climbiDg low bush and under conditions of good rainfall' will 
cover practically the whole ground between the rows. The 
flowers are borne on a straight upright stalk often a foot high 
on which they open successively. The pods are. gathered both in 
the green stage and in the ripe dry stage. Very large quantities 
are gathered and sold as a green vegetable, the seeds which are 
three-quarters ripe at this stage being removed from the pods 
and cooked and eaten much like green peas. The ripe dry 
pods are then harvested both as pods and by cutting and remov- 
ing the plants themselves. A good quantity of the green 
haulms and leaves is sold as green fodder but the bulk is used 
on the farms themselves as green feed for the cattle and what 
remains is dried and stored inside straw stacks for use as dry 
fodder. The ripe dry pods are then put out to dry still further 
in the sun and -are either beaten out to separate the seeds or are 
put under the stone threshing roller and threshed. Grown as a 
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mixed crop about 400 lb. of dry seeds can be expected as the 
yield per acre. A Mysore seer of the seed will weigh 2'4 lb. 
Botany and varieties. — The field bean or 'Avare ' — Dolichos 
lab-lab--is a leguminous plant belonging to the sub-order Papilion- 
aceae. It is classed as a sub-tribe Euphaseoleae, under one of the 
main tribes, viz., Phaseoleae The plants are twining sub-erect herbs, 
with pinnately trifoliate leaves, with racemose flowers, corolla 
of various colours mainly pink and white, standards with inflexed 
auricles at the base, stamens diadelphous, keel obtuse, style 
thickened, and beard along the inner lace. The pods are oblong, 
about three inches in length and with i to 6 seeds in each. A 
number of varieties are recognised, though in general culti- 
vation they are not grown separately. The varieties are distin- 
guished by the shape, size and colour of the seeds. In shape 
some are almost rounded, some are flattish while others have an 
intermediate shape between the two. In colour many variations 
can be seen, from creamy white, yellowish brown, to deep brown 
and even black. The flowers are of two colours mainly, one a 
btilliant white and the other pinkish or mauve ; the latter is consi- 
dered^ inferior in yield and in quality. The varieties are also 
distinguished in respect of taste, suitability for various dishes, 
keeping quality and so on ; the subject has however received 
little or no attention so far. 

Pests and Diseases. — On the field the young crop is damaged 
by the caterpillar and the grasshopper pests, the control 
measures against which have already been described. At a later 
stage when the pods are forming, the crop is subject to the attacks 
of aphids, bugs and pod-boring grubs. These pod-boring grubs 
form the most serious pest of 'avare', reducing the crop both in 
quantity and in quality. They burrow and eat into the green 
pods making them thoroughly unfit for sale as green pods, when 
the attack is very bad and seriously reducing their value even when 
the attack is mild. The sale value may be reduced by 25 to 50 
per cent. The grubs are the larvae of five different moths, 
the chief among them being the Adisura atkinsoni. Eggs are 
laid on the tender pods, flowers and flower buds. The grubs 
hatch out and feed on the very young pod both on the surface 
and later, on the seeda inside, develop quickly and pupate. 
Broods appear in quick succession, and beginning from October 
some five generations are passed through in the season, i.e., till 
January. The last brood goes intc pupation for ten months or 
till the beginning of the next season. The egg musses are laid 
singly or in rows and are easily seen if looked for. One method 
of control is to locate these masses and then rub them off with 
the hand. If the method is adopted at an early stage when 
the green fruits or pods are just appearing then a materia! 
reduction of the pest can be brought about. At a later stage the 
work becomes unmanageable. Another method of control ia to 
spray a solution of bleaching powder made up by stirring one lb. 
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of the powder in 8 lb. of water, uniformly over the flower heads 
and pods. The colour and smell of the spray repel the moths 
and no eggs are laid. The tender pods grow and ripen in the 
meantime and become unfit tor the laying of the egga, and there- 
fore remain healthy. A second and third spraying will have to 
be carried out in order to cover new flowers and young pods as 
they appear. The damage can be greatly reduced by the method 
though it cannot be altogether prevented. The smell and the 
colour of the spray both disappear by the time the pods ripen 
and are ready for picking. 

A most disagreeable pest on the avare is the stinking bug — 
Goptasoma eribraria— which swarm over it in large numbers. 
The eggs can be easily made out, as they are laid in two parallel 
rows and in a strikingly uniform pattern. One method of 
control is to rub off the rows of egg masses. On a field scale 
however no satisfactory methods are known. 

The 'avare' is also subject to the attack by storage pests, 
after it is threshed and stored. The seeds have to be dried well 
in the sun, cleaned and then stored in earthenware or metal 
receptacles under a two-inch layer of sand, As explained already, 
this will act as an effective method to keep out the pest. As in 
the case of the other pulses and grains, there are also small 
scale local methods which are more or less satisfactory, such as 
especially the tying up of the seeds in receptacles of straw 
twist. 

Chemical Composition. — The ■ pulse is eaten both whole 
fried or boiled and salted, or more generally in the form of the 
split.pulse which is cooked and eaten. A considerable part of 
the pulse is sold in the form of the ' dhall ' or split pulse, as in the 
case of ' togare,' Both husks and broken bits of the dhall are 
valuable cattle feeds and are fed to cows and buffaloes in milk. 
The whole beans are also used in this way, softened in water and 
mixed with other ingredients like cotton seeds, bran and various 
condiments. The chemical composition of the unhusked bean 
and of the ' dhall ' is as below : — 
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The ngrGefntagjs' of aTjfuminoids appears 't9/v^ry.'coinsider"il;bly , 
due prob^^o jaiisly, 6 "ahdac.c9rding'y'"dhuroh the maximum 
range of Variation was (5 per cent. 
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III. BENGALGRAM (Cicer arietinum) 

Veenaoulae names for BENGAL GRAM: Kamada—KAVA&E; 
Tamil— Kadalai ; Telwju— Sanagalu ; Malayalam—KADA- 
laeka ; Hindustani— Chena. 

Distribution.— ' Kadale ' also called 'chena 'is the most 
important pulse crop grown in India, cultivated over 15 million 
acres. It is said to be one of the oldest pulses known and culti- 
vated from ancient times both in Asia and in Europe. Its 
cultivation as an important field crop is extensive only in India, 
where it extends from the North-Western Frontier Provinces 
down to the farthest South of the peninsula, and likewise from 
Gujarat in the west to the eastern limits of Bengal. Outside 
India this pulse is grown in many countries like Italy, Greece, 
Roumania, Eussia, Egypt, North Africa, Rhodesia and East 
Africa, Iran and Turkey, in Central and South America and in 
parts of Australia, The larger part of the area under the crop in 
India lies in Upper India, where it amounts to about 12 million 
acres or 80 per cent of the total. 

Soils. — The soils best suited are mostly clayey. The most 
common soil on which it is grown is the black cotton soil on 
which no opportunity to grow it is neglected. It is grown also 
on the black clayey loams favoured for rice cultivation, and very 
seldom on other soils. The case is, however, different in the 
typical gram tracts of India, viz., Upper India where the predo- 
minent type is light alluvial loam. 

Botation. — ' Kadale ' is cultivated as a late season crop, 
practically after the rains of the year have ceased, the sowing 
season being from October to December. It grows with the help of 
the moisture stored in the retentive black cotton soils and of the 
dews which are heavy in the months following the rainy season. It 
grows as a dry crop almost entirely, but irrigated cultivation is 
also usual to some extent, the season however being the same. 

It is grown either as the sole crop of the year, or more often ' 
succeeding au early crop of gingelli, coriander, early (Kar-ragi) 
ragi, fodder jola etc. When grown as the sole crop of the year, it 
is rotated with jola or wheat, or coriander. It follows rice in tank 
irrigated areas in years when the rains of the north-east monsoon 
have been poor and tanks do not receive sufficient water for rice. 
Grown a^ an irrigated crop, it is rotated with a number of garden 
crops like onions, sweet potatoes and irrigated wheat, jola and so 
on. ,,., . .;■ f ^' 

Cultivation.— -When grown as the single crop of \ the .x e V« 
the black cotton soil fiejd^ are ploughed aftet goo'cf'rains have 
fallen ana\ wh.en there is a bre^k,, that is in the hjorlth'bf August. 
The bladed harrow is worked, clod's broken roughly, and the field 
levelled somewhat ;,hp fine tilth is atf^n|5le.d ;|i i' About the month 
of October the seeds are sown in rows aopW.ien inches apart in 
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plough furrows through ' saddes ' and covered by ploughing an 
adjacent furrow. The seed rate for 'kadale' varies from 40 to 50 
lbs., per acre. The crop receives neither hoeing nor hand-weed- 
ing. It has the peculiarity of suppressing weed growth. In 
some tracts, it is the practice to top the plants when they begin 
to branch, with the object of encouraging profuse branching for 
more flowers and fruits. The practice has been demonstrated to 
lead to a materially high yield of produce and is recommended. 
The green tops so removed form an excellent vegetable for which 
they can be dried and stored and cooked when required. A 
variation of this practice is to let a flock of sheep into the field and 
allow them to have a bite here and there over the field. 

Bather a favourable situation for cultivating the crop are 
the ah allow tank beds in the black cotton soil tracts and the beds 
of the larger irrigation tanks where, on account of poor rains, much 
of the usual water spread remains dry. In these situations the 
soil is worked only once with the heavy bladed harrow and the 
grain is sown in rows about a foot apart in plough furrows. The 
light bladed harrow is worked to cover the seed. No further 
cultivation is given either as a hoeing or as a hand weeding. The 
crop grows luxuriantly in these situations, 

Similarly, good crops are grown on rice land also. The fields 
ate ploughed and prepared to a rough tilth and in the month 
of November or December the seeds are sown broadcast and 
ploughed in; with the sub-soil moisture and the dews of the 
cold months the crop makes very good growth. 

Collecting Acids from the Leaves. — The leaves and pods of the 
' kadalej' on the growing crop are coated with a thin film of 
vegetable acids (oxalic and malic) either encrusted on them or 
dissolved in the dews which settle on the plants in this season. 
These acids give a sour taste to the leaves and pods, and also 
adhere to the hands and feet of people working in or handling the 
crop. These acids are considered to possess medicinal 
properties and are collected and sold. For this purpose a thin 
clean piece of cloth like muslin is spread over the crop at night 
and into this the acids dissolved in the night dews soak. The 
cloth is wrung out in the morning and the liquid collected in 
bottles for sale. On a large scale the cloth, after it has absorbed 
the acid, is soaked in water and then wrung out, and this process 
is repeated for several days until a concentrated solution is 
obtained, which is allowed to evaporate in the sun and crystallise. 
The liquid which tastes like vinegar is prescribed for indigestion, 
costiveness and other bowel complaints. These acids so collected 
consist of 90— 96 percent of malic acid and 4—9 per cent of 
oxalic acid, the remainder being volatile acids. As much as 4 to 
4£ lbs. of acid can be obtained from an acre of the crop. 

Before harvesting the crop great quantities of the plants are 
pulled out when the pods are about three-quarters ripe and sold 
for the sake of these green pods which are eaten both raw and 
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cooked. In the season large quantities are brought for sale both 
to the towns and to the village markets. 

In three months the crop matures and a gpod portion of the 
leaves become reddish brown and dry and shed on the field. The 
plants are pulled out by the roots and carted to the threshing floor. 
They are stacked for about a week, then dried and put under the 
feet of oxen to be trampled and threshed. It is also usual to 
beat the grains out by means of sticks. The dry broken pods are 
collected separately for being used as cattle food while the leaves 
and the Btems are mixed in the general straw stack. 

Yield. — Very good yields are obtained amounting to 1,600 
lbs., per acre. An average crop may yield 1,000 lbs., while a 
moderate crop yields up to 600 lbs., per acre. 

Botany and varieties, — 'Kadale' belongs to the Natural 
Order Leguminosese, and the sub-order ' papilionaceee ' and is 
botanically named "Cicer arietinum " from the fancied resem- 
blance of the seed to the face of a rain. 

The plants are small much branched shrubs about one foot 
in height seldom exceeding 1$ feet. The leaflets composing the 
pinnate leaves are very small, six millimeters in length and four 
in breadth with serrated edges and covered with glandular hairs. 
The plants have a bluish green colour with a little ashy grey 
bloom over the leaves and stems. Prom the glands in the leaves 
is secreted the acid fluid to which reference has been already 
made. The plants have a definite tap root from 6 inches to a foot 
in length with generally four rows of lateral roots. The roots 
are covered with the nodules characteristic of the leguminous 
plants. The flowers are solitary and formed in the axils of the 
leaves. They possess ten stamens which are diadelphous with 
anthers which are two-celled. The ovary is superior with a 
terminal bent style and blunt stigma. The flowers are as a rule 
self-fertilised, but cross-fertilisation also takes place due to insect 
agency to the extent of some five to ten per cent. The fruit is a 
legume about an inch in length and £" across, containing usually 
two seeds. 

Several distinct varieties exist which differ in the colour and 
size of their flowers and of the seeds. According to the 
differences in the appearance of the seeds, four varieties can 
be distinguished, viz., the seeds being brown, yellow, black and 
white in the different varieties. The first three are smaller in 
size than the white-seeded one which is very much larger. They 
have also a somewhat wrinkled appearance with a beaked end. 
The white seeded one is more smooth and the beak too is not so 
prominent. The name ' Kabul gram ' is sometimes given to this 
variety. This varity is a heavy yielder and may be said to yield 
more than any of the others. It is also reckoned as high in quality, 
and fetches a higher price than the others. - Chromosome studies 
make it, appear that it is sufficiently distinct to be classed as aj 
■different species altogether. 
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Pests and Diseases.— ' Kadale ' and all the pulses. generally 
are difficult to preserve as F they" are ver^ much subject to the 
attacks of the weevils attacking stored grams'. They are preserved 
in receptacles made of straw twist of rice straw which are made 
in the shape of baskets. The pulses are mixed with some of the 
chaff derived from their own poda or of the grain ' navana .' 
(Setaria italica) with some chilli powder and are tied up tightly 
and very securely in these receptacles. The effect of keeping the 
pulses covered under a layer of sand is also known in certain 
villages, where they are kept in pots or closely woven , baskets, 
covered by a layer of sand. This is an effective and simple 
method and the way in which weevil attack is warded off in 
the process has already been explained under Jola. 

The young pods are eaten into by pod-boring grubs, which 
reduce many of these into empty shells. It is, however, seldom 
that the damage is caused to a serious extent. 

The standing crop itself is subject to a wilt disease. Whole 
plants here and there on the field dry up generally at the flower- 
ing stage or a little later and cause a reduction in the crop. 
Sometimes the incidence goes up to as high as 75 percent, 
causing serious loss ; work has been in progress to breed wilt 
resistant strains and at least one such strain Dharwar No. 18 has 
been evolved, which in comparative ti-ials has shown only one per- 
cent wilted plants as against 74"4 in the local strain. Similar 
work in the other provinces has also resulted in many types 
which have been found to be resistant in their respective 
conditions. 

In the.Punjaub, Bengal gram is largely subject to a kind of 
fungus disease to which the name ' gram blight ' has been given. 
In seasons favourable to the disease the crop which has been 
attacked, is wholly destroyed. The disease is borne in the 
seed and the infection generally comes from the debris of the 
diseased crop. A thorough cleaning up and burning of all such 
debris both in the field and in the threshing floor, and the sowing 
of seed obtained from disease-free localities are the control 
measures which have been found successful. A sti-ain which is 
found to be practically immune to the disease has also been 
discovered. . . .. 

Bengal gram is also subject to a peculiar condition in which 
the flowers are sterile and do not set seed. 

Chemical Composition and Uses.— Bengal gram is an exten- 
sively used pulse crop. It is eaten boiled, fried and parched, 
Ground into flour it is one of the chief ingredients together with 
ghee and sugar in maay forms of Indian confectionery. The 
parched gram together "with puffed rice or flaked rice and jaggery 
is widely eaten as a snack, especially on long journeys, as a 
substitute for cooked food, In Upper India it forms an import- 
ant horse food for which purpose it is used raw and soaked in 
water. The skins and broken bits of the fried gram are 
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common cattle feed, like the husks of the pods and the dry stems 
and leaves obtained at ; threshing time. 

The chemical composlfeq oi th^e gram is as below : — 
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IV. HORSEGRAM (Dollchos biflorus). 

Vernacular mames for HORSE GBAM: Kannada— HlTRULI ; 

Tamil— KOLLXJ ; Telugu— ULAVALU ; Malay alam — MUTHIHA ; 

Hindustani— Kultex 

Horsegram is the most extensively grown pulse crop in 
South India, corresponding in this respect to the Bengal gram 
(gram) crop of Northern India. While the other pulse crops of 
South India furnish the proteid supplement to the grain crops 
used as human food, the horsegram furnishes the concentrated 
feed for cattle supplementing the bulky straw fodders. 

It is grown as a dry crop almost invariably and under condi- 
tions of only a moderate rainfall not exceeding about 35 inches. 
In tracts of higher rainfall it is sown after the rains have 
ceased, growth being due to the soil moisture helped by the dews 
of this season. 

Soils. — It is grown over a wide range of soils, in fact there 
is no type of soil, excepting the badly alkaline soils, on which it 
is not sown, Good deep red loams, black cotton soils, clayey 
rice land soils, stony and gravelly up-land soils, rough jungle 
cleared and being newly brought under cultivation can all be 
sown with horsegram. It is a kind of preparatory crop on new 
land, two or three of which are taken before the land is put 
under ragi, jola or other grain crops. All fields which either on 
account of want of timely rains or pressure of other work could 
not be sown with the grain or other crops of the main season 
are hastily prepared and sown with horsegram. It will be consi- 
dered as a very bad year indeed, almost a famine year, when 
even a crop of horsegram cannot be sown. In addition to these 
special circumstances making it an all but universal crop, the 
ordinary rotations also include horse gram as a crop to be grown 
regularly and on well prepared soils. 
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Rotations.— Horsegram is a late season crop being sown not 
earlier than September ; from the beginning to the end of 
September is the best period for sowing, which however may be 
prolonged upto the beginning of October. Tins makes it possible 
to be raised as a second crop in many tracts. It usually follows 
an early crop of ragi, jola or gingelly; very often the crop is drilled 
in a standing crop of castor after the intercultivation is finished. 
To save time it is drilled in between the rows of even groundnuts, 
before the latter are harvested. Horse gram is more generally 
grown as a single crop of the year, in rotation with the cereals, 
jola, 'save' and 'sajje'. In the early season of April and May too 
it is sown in rice fields but more as a green manure crop prepar- 
atory to the following rice crop than for the sake of the 
produce. 

Cultivation. — Horsegram is sown in rows and is also broad- 
cast. In the first case it is sown in plough furrows about nine 
inches apart and covered by the adjacent furrow, or through the 
three coultered jola seed-drill and covered by working the light 
bladed harrow. For broadcasting, the field is divided into long 
narrow strips of about ten feet width by means of plough 
furrows, seeds are sown broadcast in the strips successively and 
the sowing is followed by ploughing to cover the seed. Some- 
times owing to the lateness of the season and want of time to 
prepare the field properly, this covering of the seed by ploughing 
is the only ploughing the field receives. Where the crop is sown 
in rows and in time, the field is once inter-cultured, Horsegram 
is sown in many places with a mixed crop of niger, which is 
sown in rows about three to six feet apart simultaneously with 
the horsegram. The crop is always sown thick, a seed rate of 
40 lbs., being common. 

The plants are thin leaved partially climbing bushes reach- 
ing a height of only a foot, and they come up thick and cover the 
ground completely under normal conditions. The crop is looked 
upon partly as a source of green fodder ; some slight grazing by 
sheep is permitted and every evening several headloads of thin- 
nings are carried home as green fodder for sheep and cattle. 
The mixed crop of niger is used in the same way to a certain 
extent. 

By the time the pods mature and the crop is ready for harvest 
a considerable part of the leaves dry and drop on the field. 
"Weed growth is also profuse on these poorly prepared fields and 
many of them mature seeds by this time which either shed in 
the fields or become mixed with the horsegram at threshing 
time. The plants are harvested by being pulled out whole ; they 
are removed to the threshing floor, stacked for a week, put out 
to dry and then threshed by being trampled under the feet of 
oxen or with the stone threshing roller. Both the haulms 
and pods -are stacked together, either in straw stacks or 
separately. 
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Yields. — A good crop of horse gram will yield at the rate of 
600 lbs., per acre, but yields are generally low owing to the poor 
attention the crop receives and the belated sowings. About 
150 — 300 lbs , per acre is all that is obtained under these condi- 
tions. The produce requires a great deal of cleaning by means 
of winnowing and sifting in order to remove the seeds of the 
various weeds. The weight of horsegram per Mysore seer is 
about 2"6 lbs. 

Botany and Varieties. — Horsegram — Dolichoa biflorus-be- 
longstothe natural order Leguminosese, the sub-order Papilionceos 
and the tribe Phaseolese. The plants are thin, climbing bushes 
from VI" to 18" in height, with slender stems and many branches 
springing from the base of the plants, . AH parts are grey pilose. 
The leaves are petiolate and pinnately trifoliate, with a conspi- 
cuous stipule. The petioles are about 2" long and the leaflets 
are yellowish green in colour, about If inches long and obliquely 
ovate acute and mucronate. The racemes arise from the axils of 
most of the leaves, and bear small light cream-coloured papiliona- 
ceous flowers with linear retuse wings, a slightly falcate obtuse 
keel, diadelphoiis stamens sub-equal anthers, white pilose ovary 
and style and capitate stigma. The pods are thin about 1 \" to 2" 
long and J" broad, with seeds which are brown, light red, black 
or mottled in colour according to variety, flattened and with a 
hard shiny seed-coat. The cultivated crop is usually a mixture 
of most of these varieties. The black-seeded variety is of a 
shorter duration than the others. 

Pests and Diseases, — Horsegram is subject to the attacks 
by the pests of stored grains and has to be preserved in the 
manner already described. The growing crop is attacked by the 
hairy caterpillar and grasshopper pests and the remedies are 
the same as described under Ragi and Jola. 

In the field the growing crop is subject to a root rot which is 
sometimes serious and kills off many plants. Other diseases like 
the bean rust, anthracnose, die back are also seen, especially the 
'■ die back". The damage from none of these except the 'root rot' 
is serious at any time. Even the 'root rot' appears over a large 
area only when owing to heavy rain or flooding by irrigation 
water, the soil becomes very moist, and this contingency arises 
only rarely. 

Chemical Composition and Uses.— Horsegram is the poor 
man's pulse crop and is eaten both boiled and fried. In contrast 
with other pulses, horsegram is not converted into splitpulse. 
but is used as such. It is as a food for cattle and horses that it 
is more largely used. Working animals invariably receive horse- 
gram as part of their ration at the rate of some 4 lbs., per day 
per animal It is given boiled or slightly parched and broken, 
wnen ted to horses it is invariably boiled whole. 

The seed coat is hard and animals pass out in their excreta 
more or less of thiB feed quite unaltered. 

8 
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The chemical composition of horse gram is as below :— 

Bernarks, 



Moisture 



Albuminoids 



Fats 



Carbohydrates Fibre 



Ash 



11*8 

iro 

7'5 



24 

22-5 

201 



1'3 
1"9 
0"9 



57'3 
56'0 
60"6 



5'8 

4 '6 



8*1 
3' 2 

6"4 



Aykroyd 
Church 
Lea fcher 



Acoording to Church the ash of this gram contains 1/3 of its 
weight of phosphorio acid. 

V. BLACKGRAM (Phaseolus mungo). 

Vebnaoulae names foe Blackgeam : Kanmda — Uddtj ; Tamil— 
■ TJLVNVU; Telugu— TJDDULU, Malayalam — UHUNNU; Hindustani — 

UpiD. 

' Black gram is one of the important pulse crops grown 
throughout India. 

Soils. — It is grown principally on soils inclined to be. clayey 
and on the black cotton soils, on which it does beat. Bed loams, 
light red or brown alluvial soils and other types are also put 
tinder the crop, where these form the predominent soils, and 
where they are not shallow. 

It is grown almost entirely as a dry crop, in tracts with a 
rainfall not exceeding about 35 inches : in the tracts of heavier 
rainfall it is raised only in the season following the cessation of 
the rains, On rice fields it is raised either previous to or after 
the rice crop ; in these fields although it is raised as a dry crop an 
irrigation or two may be given, if available. It is grown not only 
on the plains but at elevations even up to 6,000 feet. On the 
Mysore plateau with its mean elevation of 2,500 to 3,000 feet it 
is one of the important pulse crops grown. 

Rotation. — Blackgrarn is grown in two seasons, viz., as an 
early or rnidseason crop or as a late season crop. As an early 
season crop it is sown in the early part of May, as a mid-season 
crop in June or July and as a late season crop in the month of 
October. Except in the tracts where the rainfall is usually 
confined to the late season, i.e., in the North-east monsoon, the 
blackgrarn crop follows or is followed by another crop, so that 
usually two crops are raised one of which is blackgrarn. The 
crop is one of only three months duration and ,so makes this 
double cropping in the same year possible. In tracts of the 
late rains however only one crop is raised in the year. In the 
early season tracts, the blackgrarn is followed by gingelli or main 
season ragi on the red soils ; and by wheat, coriander, late season 
jolaand other cereals on the black cotton soils. 

When grown on rice fields, it is considered partly as a green 
manure crop preparatory to the following rice orop, but generally 
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if early showers are received or if a watering can be given, then 
the seeds are sown sufficiently early for harvesting a crop ; other- 
wise only the pods are gathered both ripe and unripe without 
waiting for a normal crop, and the plants then ploughed in for 
manure after some amount of grazing. In the Malnads or tracts 
of heavy rainfall, the blackgram is grown on the rice fields after 
the rice is harvested and the moisture in the soil is generally 
found sufficient to mature a crop. If irrigation is possible and 
is found necessary as may be the case on shallow soils and when 
the crop was sown late, one or two irrigations may be given. 
In all the above cases the crop is generally grown pure ; but 
rows of fooder jola, safflower or linseed may be grown aa mixed 
crops. A good deal of blackgram is also sown as a mixed crop 
in the main season jola, especially on the black cotton soils as 
already mentioned under ' Jola '. When grown as a partial green 
manure crop preparatory to rice it is often grown mixed with a 
small quantity of sannhemp, cowpeas, greengram and horsegram. 
Cultivation. — In all cases the fields are prepared by about 
two ploughings, or just one ploughing followed by working with 
bladed harrow or cultivator. Nothing more than' a rough tilth 
is attempted. . Eor the early crop the ploughing begins 
in the month of April and sowing takes place in May while for 
the later season the ploughing is in August or in the middle 
of September or early in October. 

Seed is generally sown broadcast and ploughed, or sown in 
rows about 10 inches apart in plough furrows and smoothed by 
a harrow. In seven days to ten days the plants are well above 
ground. Interculturing with toothed hoes in the former case 
and with either toothed hoes or bladed hoes in the latter case is 
given once after three weeks. No such interculturing is however 
given when the crop is grown on the rice fields. In about seven 
weeks the plants commence to flower and in three months the pods 
are ready for gathering. The plants are pulled up by the roots, 
stacked in the threshing floor for a week and threshed by beating 
with sticks or under the feet of oxen. The seeds are dried, 
cleaned and stored in straw baskets or in earthenware or metal 
receptacles under a layer of sand. Like other pulses it is also 
subject to weevil attacks and has to be protected in the manner 
described already for stored grains. The husks of the pods are 
preserved in the straw stacks as fodder, while the stalks are used 
as fuel or manure. 

Yields. — The yields Vary a good deal according as it is grown 
pure, or as a mixed crop or for green manure. An average pure 
crop will yield about 400 — 500 lbs., per acre. 

Botany and Varieties— .The blackgram' belongs to the 
order Leguminoseae and the sub-order Papilionaceae. The. 
plants have a strong tap root with many laterals with typical; 
root nodules on them. They are small shrubs of about a foot ih; 
height, diffusely branched, with leaves and stems covered with 

■ '8ft "^r- 



116 



FIELI> 0BOPH OF INDIA 



rough reddish hairs giving the plants a dark green appearance. 
The flowers are borne in the axils in elongated racemes and are 
yellow ia colour. The pods are long, slender and cylindrical, 
about 1-J to 2| inches in length, and septate between the seeds 
•which vary from eight to fifteen in number. The seeds are 
either black or very dark brown or occasionally even greenish. 
The latter however can be distinguished from the greengram 
proper by the colour of the split seed, which is white in the 
blackgram and yellow in the greengram. 

Two varieties are distinguished in blackgram which are 
sharply restricted each to a particular season. One is small- 
seeded and the other is slightly larger and in Mysore are called 
the small and large ' Uddu ' respectively. The small-seeded one 
is sown in the early monsoon and the large variety is sown in 
the late monsoon. The large-seeded variety is locally regarded 
as the better of the two. 

Chemical Composition and Uses. — Blackgram differs from 
other pulses in its peculiarity of attaining when ground up with 
water a somewhat mucilagenous pasty character which increases 
as the grinding is continued and made finer, giving additional 
' body ' to the mass. Like glutens in wheat, this property of the 
blackgram increases the ' raising ' in the various cakes made 
from it, and lightens them. Both variety and soil seem to influ- 
ence this property and the blackgram from particular tracts 
is reputed to excel in this quality. The proteids in blackgram 
are. also probably different from other pulse proteids and 
comparable to proteid from animal sources, as the popular 
opinion is that the preparations made out of the blackgram can 
be mistaken to contain meat and that blackgram began to, he 
popularised by Buddhist monks as a substitute for meat which 
that rpligion of mercy strictly tabooed. 

As a cattle feed, blackgram added to other materials like 
colton seed, bran and so on in the ration is said to increase the 
flow of milk. 

The chemical composition of blackgram is as below : — 
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According to Aykroyd the blackgram is the richest among 
the various pulses (grams) in phosphoric acid, being five to ten 
times richer than in the others. 
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VI. GREENGRAfcUPhaseolus radi^um). 

Vernacular Names for GREENGBAM; Kaiinada— Hesaeu ; 

Tamil-' Pa ohaipayeru ; Telugu— Pach> pesalu 

Malayalam—Cs.EUVPATEKO ; Hindustani-'-^ 11 ®®- 

Greengram is another important pulse givWn throughout 
India. In the range of distribution, in soils, anc) climate suited 
to it, and the general methods of cultivation, it is very similar to 
blackgram. Botanically too they are very clotty related ; in 
fact the specific name ' rnungo ' is applied by cei'** 131 writers to 
this pulse and not to the blackgram. 

The plants are less hairy and in appearance ^ 3 dark and 
more green and slightly taller than the blackgran* plants. The 
flowers are a lighter tint of yellow, the pods are smaller and the 
seeds are green in colour and smaller in size. TP e s P u t pulse is 
yellow in colour as against the white or pale crea* 31 0I the black- 
gram. 

The greengram is cultivated in both the ea^y and the late 
monsoons, for which latter there is a different v ai 'iety ; there is 
however one variety which can be sown in both seasons. Like 
blackgram it is sown in rice lands partly as green manure 
crop and partly for the sake of the produce. Its place in rota- 
tions on both red and black soils is also similar to that of the 
blackgram. There is however not the same preference for the 
clayey type of soils as in the. case of the blackgt'am and ail the 
prevailing types are availed of. , 

In fields prepared as for blackgram, the peeds are sown 
either broadcast and ploughed or harrowed in or ^own in rows in 
plough furrows some ten inches apart and covered % a smooth- 
ing harrow. It is sown as the main crop by itself or with fodder 
jola as a mixed ".crop ; it is also sown as a subordinate mixed crop 
with jola. On rice land when intended partly fox' green manure 
purposes other quick growing leguminous crops like blackgram, 
horsegram, cowpeas, and sannhemp are sown as mixtures, On 
rice land when the crop is to follow rice it is sometimes sown 
broadcast in the moist rice land a few days befor e the rice crop 
is harvested, in order to save time, so that a crcP may mature 
before the soil dries up and the moisture becomes too little fpr 
the crop. The seed rate for the crop when so wn by itself is 
about IS lbs., per acre. In about a week or twelve days the 
plants are np and the braids well seen. The crcP ' s hoed after 
twenty days by interculturing tools once and sometimes also 
hand weeded later. In 70 days the green pods ar^ ready to pick 
and in another three weeks or a month the pods a te dry and the 
crop is ready to be harvested. A fair amount ot green pods is 
however gathered for sale and for use at home as a vegetable., 
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when the crop is about nine or ten weeks old. The plants after 
harvest are removed to the threshing floor, and are stacked for a 
week They are then threshed by beating with sticks or tram> 
plinV under the feet of oxen. The empty pods and chaff are 
preserved as fodder inside the straw stacks. . 

Good crops yield some 300- 500 lbs., of greengram pev acre. 

Sown as a mixture or aa a partial green manure crop yields are 

low and uncertain, but about 100-200 lbs. per acre are expected. 

Greengram enters into a variety of preparations in bouth 

Indian kitchens. The husks are usually removed and the split 

gram is boiled, fried or ground into flour as may be required for 

various dishes. The grain is also parched whole and eaten by 

itself or mixed with other pulses similarly parched and salted or 

Bugared. Greengram is esteemed as the most wholesome among 

the pulses, free from the heaviness and tendency to flatulence 

which is associated with the latter. The huska of the gram are 

fed to cattle either soaked in water or dry. 

The flour of greengram is often used as a substitute for 
soap or soapnut powder in Indian households especially for 
children. The pulse is badly subject to the attacks of weevils 
and the special method of storage for keeping out the pest 
covered by a layer of sand, in earthernware or metal receptacles 
is particularly necessary in the case of this crop. 

The chemical composition of the greeDgram is aa below .— 
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VI!. COW PEAS (Vigna catiang). 

"Vebhaoular names for COW PEAS: Kanmda— Alsande ; 
Sto/wZ— -Kakamani ; TelxiQU— Alsandaltj ; Malayalam— M AMP A- 
yaku; Hindustani — Lobia BADA. 

The cow pea is a pulse crop of very minor importance both 
in respect of the area cultivated and of the demand and consump- 
tion among the people in Mysore and South India generally. 
It is remarkable, however, that outside India it is probably the 
best known and most extensively cultivated among all the Indian 
pulses, although it is thus grown not for the sake of the pulse to 
be used for human consumption or for cattle feed but for the 
sake of the heavy growth of green material which it gives and 
which is used as a green fodder, as dried hay, as a green manure 
and as a soil improving cover crop. It is regarded as native 
to India and the countries to the north-west in Central Asia. 
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Its cultivation now extends to many parts of the world, even up 
the 40th lati N.- where the warm, summer admits of its growth, 
although the crop do'es not mature seed in these cold latitudes 
and affords only forage to stock. In the U. S. A. especially it is 
a crop much esteemed for these purposes and its cultivation can 
be seen even in the far northern States, while in the warmer 
southern and south-western States it is a very popular crop, not 
only cultivated very largely but also studied in its many aspects. 

Like most pulses in South India, the cow pea is grown 
mainly as a rainfed crop. It is, however, capable of withstanding 
a much higher rainfall than the others and on this account can 
be grown in the malnads of Mysore also, where as a matter of fact 
it is the chief putee grown ana takes the place of the usual mai- 
dan tract pulses. It is grown largely as a mixed crop, with 
ragi or jola in which a few rows here and there are occupied by 
cow peas. Occasionally pure crops are grown on a small scale, 
chiefly on rice fields after the harvest of the rice in the hot 
weather, with the help mainly of the sub-soil moisture, some- 
times supplemented by irrigation. 

It can be grown on a variety of soils ; good red loams, the 
black clayey loams of the rice fields, the black cotton soils, 
coarse gravelly soils and light sandy soils, are all utilised and on all 
but the last two types, the crop makes very luxuriant growth. 
In the colder climates somewhat light and sandy soils are prefer- 
red, on account of the fact that on such soils maturity is 
hastened. 

Cultivation. — The crop is usually grown as a main moonson 
crop, like the chief dryland grain crops ragi and jola, with 
which it is sown as a mixed crop. It can, however, be also sown 
aB an early monsoon, or a late monsoon or even as a hot 
weather crop. There are varieties suited to these different 
seasons and sowing in the wrong season for any particular 
variety leads to an inordinate vegetative growth of tangled creep- 
ing branches. The field is prepared for the grain crops with 
which the cow pea is to be sown as a mixture ■and so the crop 
has the advantage of a well prepared soil. Simultaneously with 
the ragi or jola, the cow peas are also sown, in rows about six 
feet apart. Sowing is either through the 'sadde' or seed tube 
tied behind the seed-drill or in plough furrows made after the 
grain crop is sown. These rows are sown either solely with cow- 
peas OL'^the cow peas are mixed with one or more of the different 
crops used for this purpose such as, ' avare', ' pundi ', fodder jola, 
sannhemp, niger, etc. In the latter case it forms only an in- 
significant part of the crops sown, and is intended more or less 
for using the green pods as a vegetable. The seed rate there-- 
fore varies greatly, and may be taken roughly as 6 lbs, per acre 
if sown pure in six feet rows in the ragi or jola crop. If sown 
by itself as is done occasionally, the seed rate will amount to 20 
or even 30. lbs per acre. The seeds germinate readily and are 
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well sprouted on the third day. The braids with the true 
leaves can be seen in another five or six days. As regards weed- 
ing, interculture and so on, the crop shares these and all other 
attention with that bestowed on the main grain crops. It is a 
quick grower and has an abundance of sappy twining stems and 
leaves. In six weeks the flowers begin to appear and in another 
two weeks the green pods are ready for being gathered 
as a vegetable. The crop goes on fruiting irregularly in succes- 
sion and the ripe pods are ready for harvest in about three 
months. There are longer duration varieties which do not 
finish fruiting for five months just as the short duration varie- 
ties finish fruiting in three months. The varieties usually sown 
are of the longer duration class and require frequent gathering 
of the pods as they ripen. As the crop is sown as a mixed crop 
in very indefiuite proportions the yields per acre are difficult to 
estimate; but the produce can be reckoned generally as about 
forty to fifty times the quantity of the seed sown. Little more 
than 100 or 150 lbs. are, however, obtained in the usual method 
of mixed cultivation. 

Cow peas are also cultivated solely for green feed for cattle 
and for this purpose are sown mixed with fodder jola. The 
creepers wind round and climb on the jola stalks and both the 
crops are cut down together and fed. 

Botany and Varieties. — The cow pea (Vigna catiang) belongs 
to the natural order LeguminoseEe, the sub-order Papilionacere 
and the tribe Phaseolese, It is an annual sub-erect plant with 
the stems growing as thin succulent long twiners, requiring in 
some types an upright or standard for support, but generally 
spreading on the ground as a bush about three feet in height. 
The stems are thin and rounded, rough in some and smooth in 
other varieties, and generally free from hairs except at the nodes. 
The leaves are pinnately trifoliate with a long petiole and the 
leaflets are large, dark green and ovate acute in shape. The 
inflorescences arise from the nodes and are racemes, with a long 
ped-uncle ; the flowering part is nodose and bears from three to six 
flowers, white, light pink or light blue in colour according to 
variety, and are sub-sessile. The flowers are large, about 1 inch 
across and very conspicuous both in size and in colour. The 
colour varies in different varieties and is light blue in some, and 
light pink in others, with the inside of the wings turning yellow 
as they fade. The pods are rounded and thin and vary in length 
in the different varieties. The longest, pods are qflite 18 
inches to 2 feet in length, while the shortest are about 4 to 5 
inches. The seeds likewise vary in size and colour, the large- 
seeded kinds have seeds twice as large as the small-seeded kinds; 
in respect of colour seeds are cream coloured, brown, dull red, 
light purple and even black according to variety. 
'• ' ' Many varieties are met with in South India but these have 
not been studied and classified.- In Bombay nine varieties are 
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listed and their differences iu respect of length of pod and colour 
of seed noted by Gammi. In the U.S.A.. the. crop has been very 
much studied and the varieties have been named and described 
with regard to their habit of growth, duration of growth, colour 
and size of pod, and the colour and size of the seeds. ^ A very 
useful American variety is the one called "Iron Cow pea" which 
has been found to be wilt-resiatant. 

' Pests and Diseases— IAke most of the pulse crops the cow- 
pea is subject to the attacks of several insect pests, such as leaf- 
eating caterpillars, sap-sucking bugs, plant lice and a stern-boring 
maggot. In addition to these field pests, cow pea seed is badly 
subject to the attacks of weevils common to pulses in storage. 
Many of the pests of the standing crop can be controlled by 
spraying or hand-picking in the early stages, although the very 
minor importance of the crop seldom justifies any great ex- 
penditure. The stem-boring maggot causes great damage as it 
attacks the plants when they are very young ; the parts of the 
plant above the attack become yellow, the stems and leaves wilt 
and the plants die. The attack is caused by a Ay— -Agromym 
phaseoli, C. — the female of which lays eggs in the epidermis of 
the soft stem, where inside the somewhat swollen base they 
hatch, burrow and breed, causing the wilting and death of the 
plant. No satisfactory remedies are known. 

The store house pests of pulses have already been described 
and the control measures aie the same as in the case of the 
other pulses. 

Diseases. — Cow peas are subject to attack by (.1) a ruat 
(Muromyoes appendiculatus) , (2) powdery mildew (Erysiphe poly- 
gons), (3) anthracnose (perhaps {Glomerellacingulata), (4) Boot rot 
(Bhizoctoniasja.) and (5) a die-back {Vermimlaria capsiei). The 
rust and the root rot may be considered the most serioas among 
these diseases. As far as the rust is concerned there is no effec- 
tive remedy known and the only relief lies in the growing of 
rustproof varieties. The "Iron Cow pea" is reputed to bo 
resistant. The anthracnose can be controlled by spraying with 
Bordeaux mixture which should be carried out as soon afi the 
leaves show signs of attack. The root rot is not amenable to 
any control measure, as the fungus persists in the soil. The 
only method of avoiding it is by a suitable rotation of crops. 
The die-buck yields to spraying with Bordeaux mixture, especi- 
ally if the new growth which springs up after the top dies is 
sprayed repeatedly and kept free from the fungus. 

Chemistry and «ses.— The cow pea is a highly nutritious 
proteid food. It is used both for human consumption and as a 
concentrated feed to cattle. The chemical composition of the 
pulse is as follows: — 
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The crop gives such a heavy vegetative growth and covers 
the ground so well smothering all weeds that it forms a very 
good cover crop and can later be ploughed in as green manure. 
The plant foods contained in the crop are as below : — Entire 
plants dried to a moisture content of 11 per cent contained T95 
per cent nitrogen, 0'52per cent phosphoric acid, and 1'47 per 
cent potash, 

The crop forms excellent forage, both for cutting and stall 
feeding and for making into hay or silage. For the making of 
silage, the crop has to be mixed with at least the same weight 
of fodder jola or maize stalks. 
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SECTION III. 



OILSEEDS 
!. SESAME (Sesamum indicum). 

Vernacular names for SESAME : Kannacla— Wollellu, 
Tamil— Yelltj ; Teltigu — NuvVALU ; Malayalam—Y-EhhV ; 
Hindustani — Til. 

Distribution. — Sesame or gingelli is an oilseed which 
furnishes one of the most important oils of domestic consumption 
in India. It is one of the oldest oilseeds of the world. It is 
said to be native to India, and the provinces to the north of the 
Himalayas with temperate climates, though its origin is some- 
times traced to Africa and sometimes to the East Indies. Its 
cultivation at the present time is over a very wide range of 
conditions both in the tropical and sub-tropical zones of the 
globe. India is, however, the largest producer of the crop and 
China comes next in importance, but other Asiatic countries like 
Siam, Indo-Ohina, Formosa, Japan, Palestine, and Turkey and 
the countries of the Mediterranean aea-board in Europe, Russia, 
Brazil, Argentine and Mexico and the whole of Africa, notably 
Egypt, Sudan and Nigeria, all grow the crop on large areas. 

G-ingelli grows on the plains and at elevations upto 4,000 
feet. It is grown in the somewhat warmer part of the year 
with the prevailing temperatures about 70°E., and above. 
It is grown generally solely as a rainfed crop in tracts 
where the rainfall in the crop season does not fall below 20 inches. 

Soils, — The soils best suited for gingelli are light sandy 
loams, the growth being better as the sandy portion increases. 
In practice, however, it is grown on a variety of soils provided 
there are no definite defects. On the typical red loams of 
Mysore it is very extensively grown, as well as on the clayey 
rice fields and on the black cotton soils. 

Botation. — The gingelli crop takes from 3$ to 4£ months to 
mature depending upon the variety. Sown in the early season it 
can be followed by another crop in the same year. On such double 
crop areas it is followed by a crop of horsegram. On the black 
cotton soils it is followed by jola, coriander or wheat and even by 
cotton. It can be sown in the later rains also in September and 
October and in this case follows an early season crop of ragi, 
fodder jola, or black-gram. Sown however in the middle of the 
year about the months of June or July it is the only crop of the 
year and is rotated with ragi or jola and other dry crops. On 
the rice fields it is very generally grown in the early season 



124 FJKLD CBOPB OP INDIA 

somewhat like the green manure crops but the crop is allowed 
to mature and the produce is harvested. It is followed by a rice 
crop. Gingelli is considered to be an exhausting crop and the 
succeeding crops will have to be manured well. For this reason 
the growing of gingelli before a grain crop such as rice on wet 
land and jola or ragi on dryland is not much favoured and is 
condoned only if the latter can be well manured, which is 
thought possible because the gingelli is a valuable cash crop, and 
gives a good money return. In Mysore, gingelli is generally 
grown as a pure crop and with the rotations mentioned above; 
elsewhere it is grown as the main crop of the year and many 
crops are grown in mixture such as togare, castor, etc., or the 
gingelli is itself grown as a subordinate or mixed crop with 
'Sajje' as the main crop. 

Cultivation.— The field has to be well prepared for gingelli, 
by several good pJoughinge followed by working the bladed 
harrow or other cultivating tools and the harrow. The field 
should be well cleaned of weeds and a- somewhat fine tilth 
produced, if really good yields are to be obtained. 

Gingelli is sown broadcast or in rows. As the seeds are 
small it is usual to mix the seeds with sand or manure so as to 
avoid a too thick and uneven stand of crop. In some parts of 
Mysore ragi grain which has been spoiled by storage in under- 
ground pits and which has therefore lost its germinating power 
is used to mix with gingelli seed for this purpose. Before sow- 
ing broadcast the field is marked into long narrow strips by 
plough furrows and then the seed is scattered in each strip one 
after the other and covered by working a light wooden toothed 
harrow. Sowing in rows is by means of the seed-drills which 
sow the seeds in rows about twelve inches apart, the drill being 
worked rather shallow to avoid deep sowing of the seeds. The 
seed-drill is followed by a light wooden toothed harrow or brush 
harrow made by fastening together some leafy branches placed 
side by side to resemble thick matting. 

The quantity of seed is about 1 lb. to 3 lb. per acre 
according as it is drilled or sown broadcast. The seeds germi- 
nate slowly and the braids are seen in about ten days ; the crop 
is intercultivated with bladed hoes after a fortnight, when a 
great deal of thinning of the crop takes place. A second hoeing 
between the rows is given after a week, and sometimes a hand 
weeding also. Where the cultivation of gingelli is only of 
secondary importance and the crop is looked upon as a kind of 
catch crop, so much attention is not bestowed and the crop is left 
much to itself with the result that both growth and stand are very 
uneven, thick in one place, thin in another, and luxuriant in 
some spots and stunted in others. In 3£ to A.\ months the crop 
is ready for harvest. Both leaves and stem yellow slightly and 
the leaves begin to drop also ; the capsules are well filled and 
plump and assume a yellowish tinge. The plants are cut 
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or pulled out at this stage, that is to say, some considerable time 
before the capsules are due to burst. The plants are taken to 
the threshing floor and are then piled in circular stacks with the 
root ends outwards and allowed to remain stacked in this way 
for a week. The stack is then opened out and spread to dry 
during the day and piled up again during the night. This is 
repeated until the capsules begin to burst. The capsules are 
now well opened and dry and without any rnouldiness develop- 
ing. The plants are well shaken and also beaten to complete 
the emptying of the capsules. The gingelli seeds are now 
cleaned to remove the adhering earth with which at this stage 
the gingelli is mixed up to a very large extent. The winnowing 
and screening of the gingelli as it comes oat of the threshing 
floor, to free it from dust, earth and gravel has to be very 
thorough and elaborate. 

Yields.— The average yield of gingelli when grown as a pure 
crop will amount to between 300 to 400 lbs., per acre. A full 
crop is reckoned as 600 lbs. A Mysore seer of seed will weigh 
about 2-03 lbs. 

Botany and Varieties. — The gingelli plant belongs to the 
natural order Pedaliacete — a small order comprising mainly 
herbs; botanically it is distinguished as ' Sesamum indicum 
13. C, ' though originally two species were recognised. The 
plants grow usually about 3£ feet to 4§ feet high. Giant plants 
are occasionally seen so large that it may be difficult to believe 
they were really the ordinary gingelli. These plants grow some 
six feet in height with thick stems. The cultivated variety is 
however seldom more than 4J- feet in height with a straight stem 
square in section with considerable branching. The leaves are 
dentate or entire, The flowers which are borne in the axils of 
the leaves are generally in singles but twos and threes can also 
be seen. They are curious in shape, resembling somewhat the 
flowers of BignoniaceEe. The corolla is tubular and bilabiate. 
The flowers are variously coloured from pure white to deep 
violet with intermediate ones in which one or other of the two 
colours predominates. The stamens are four in number and 
didynarnous and the ovary is two-celled. The fruit is abilocular 
capsule, quadrangular in shape, about 1£ inches to 2 inches in 
length and about ^ to 1 inch around. The capsules are some- 
what thicker and larger in the white-seeded variety than in the 
brown and black-seeded varieties. The locules are further 
divided making the capsule a four-celled one. In the white 
variety the capsules are six-celled, The capsules split and open 
at the top and shed the seeds which fall off easily. The seeds 
are small, numerous, and have a flattened oval shape. About 
10 to 12 of them measure an inch across their width and about 
6 to 8' of them along their length. The seeds are differently 
coloured according to variety, being white, dull white, light brown 
or dark brown and almost black. 
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The varieties of gingelli are distinguished not only by the 
colour of the seeds as noted above but also according to the 
season in which they are grown. Like many other crops as 
rice, jola and ragi, varieties of gingelli also are distinguished by 
their suitability to particular seasons of sowing such as early, 
main or late season. In Mysore the early sown variety is called 
'Karyellu' and of these, one has light brown seeds and the other 
black seeds. The plants are tall and much branched but the 
yield is not so high as the main season variety. The Ear 
varieties are sown from the beginning of February at the 
earliest and up to the middle of April at the latest. They are 
harvested from the third week of May up to the first week of 
August when the harvesting is completely over. The main 
season varieties are sown from the middle of July, have both 
brown and black seeds, and are harvested from the beginning of 
November to the third week of the month and yield a heavier 
crop. The white and dull white varieties are sown only in the 
late season about the month of September and are harvested in 
December and January in about 3£ to 4£ months. The white 
variety is also sown in some tracts in the main season, that is, in 
the month of June, usually in rice land under tanks which do 
not receive enough water to grow a rice crop. 1 * As the varieties 
are controlled by the season, only the varieties suited to the 
season should be sown. If the early season or the hot weather 
crop is sown in the late season, the plants will keep on growing 
and will not mature a crop. 

Pests and diseases. — The insect pests attacking gingelli 
plants specially are only of minor importance. The 
chief among these is a caterpillar pest —Antigastra oatelauna- 
lis, D. — which eats the leaves and also bores into the shoots 
and pods. The caterpillar also folds and webs the leaves 
together. There are no satisfactory remedies known. Hand- 
picking and destroying the affected leaves and shoots will 
prevent the spread of the pest. Another insect pest of gingelli 
is the gingelli gall fly — Asjoondylia sesami, F. — the maggots of 
which feed on the young flower buds, producing a gall-like 
malformation, which eventually drop off. The loss of the flower 
buds if on any large scale leads to a considerable reduction . 
in crop. No satisfactory remedy has been found out. 

Sap-sucking bugs and aphids also cause damage by arrest- 
ing the growth and weakening the crop. 

The gingelli crop is subject to rather severe attacks of 
white mildew (oidiurn) on the leaves. The affected leaves show 
numerous white patches of the grey powdery mildew and drop off 
after sometime. The plants receive a serious set back and the 
yield is greatly affected. 

A common trouble with the gingelli which leads to a great 
reduction in the yield is a malformation of the flowers which 
become sepaloid and sterile. Such sepaloid flowers crowd 
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together at the axils and often are completely green in colour 
like the leaves. Such flowers do not of course set seeds and 
therefore cause a reduction in the crop. The conditions giving 
rise to this malformation are not well understood nor are any 
remedies known. 

The leaves are also affected by a leaf spot disease — Gercos- 
pora — in which greyish brown to dark brown spots appear on 
the leaves which impair the growth of the plants. Both the 
mildew and the Cercospora appear only under special conditions 
of the weather and no control measures suitable for application 
and adoption on a field scale have baen worked out. 

Chemical composition and uses. — Three varieties of gingelli, 
viz., white, black and brown, grown on the Poona Farm in 
Bombay had the following composition : — 
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The composition of the seed is however very variable, 
especially the oil content which varies from 35 to 57 per cent 
according to the varieties and the countries in which they were 
grown. The carbohydrates likewise vary from 14 per cent to 
22 per cent and the ash from 4 per cent to 8 per cent. 

Uses. — Gingelli seeds are used both directly as a human 
food in Indian households and as a source of an important edible 
oil. The seeds are eaten fried and mixed with sugar, and in 
several forms in Indian sweetmeats. The gingelli oil is an 
important cooking oil in South India and to an almost equal 
extent is used for regularly anointing the hair and body, a 
customary bi-weekly bathing practice which in South India is 
deemed very beneficial to health. It is also consumed raw and 
is really the poor man's substitute for ghee. Gingelli oil 
lends itself to be used as a perfumed oil as it does not itself 
possess any strong odour, especially after it is kept for sometime 
and is able to absorb the frageaut essences of sweet scented 
flowers. The perfume of orange and other citrus flowers and of 
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jasmine are extracted in this manner. In Europe one kilogram 
of the flowers is added to six litres of oil and left for forty 
hours for extracting the perfume. Many other flowers are used 
in this way in the Indian perfumery industry also. Gingelli oil 
is used to adulterate olive oil, as a salad oil in Europe. The 
lower grades of the oil find industrial use for the making of soap. 
It is used as an illuminant, but it burns out quicker than 
groundnut or castor oil. It finds also a number of medicinal uses. 
The oil is almost entirely a non-dryiDg oil and has the 
following characteristics : — 



Specific Gravity at 15° 0. 
Eefractive Index at 10° C. 
Saponification Number 
Eeichert Miesel Number 
Iodine Number 



- 923 

T4902 

188-193 

l - 2 

103-112 



The oil is made up of the glyoeride's of the solid palmitic 
and stearic acids (12-20 per cent) and of the liquid acids oleic 
and linoleic (88-90 per cent). The oil contains also two bodies 
specific to it, viz., phytosfcerine and sesamine. Gingelli oil gives 
intense colour reactions with various re-agents like furfurol, and 
this is made use of in identifying it and detecting its presence 
in other oils like olive oil in which adulteration with gingelli oil 
is suspected. The oil remains liquid even at low temperatures 
of 4° and this makes it a suitable salad oil in cold countries 
even better than olive oil. 

The oil-cake is an edible cake. It is eaten mixed with sugar 
by tbe working classes with whom it is found to be a sustaining 
food. It is as a cattle food that it finds its greater use. It is 
esteemed as of very high value for milking animals and much 
higher prices are paid for it than is warranted by its composition 
as compared with other feeding cakes like 'groundnut cake' for 
instance. The composition of the cake is as follows : — 
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The oil is extracted in India in the old-fashioned wooden 
rotary oil mills, which have in recent years been displaced to 
some extent by iron rotary mills. "Where genuine and clear oil 
is required, the seed coat of gingelli seeds is removed, by steeping 
the seed in water and then rubbing off the seed coat which is 
loosened by the steeping in water. The gingelli oil of the bazaar 
is often much adulterated ; and for this purpose gingelli is 
milled along with niger seed. Considerable oil is left 
unexpressed in the oilcake and this adds value to the cake 
in the opinion of Indian cattle keepers. In modern mills the 
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seed is pressed twice or thrice, the oil each time being clearer 
than the one pressed at the next subsequent milling. The last 
remaining quantity is extracted by chemical solvents. 

A areage and trade.— The to'tal area in India under gingelli 
in the year 1937-38 was about 4 - l million acres, of which 
Bombay grew 160,000 acres, Madras 790,000 and Mysore 
80,000 acres, and Hyderabad 560,000 acres. 

G-ingelli is an oilseed with a large local consumption and is 
not exported to the same extent as other oil seeds ; the export 
of seeds and oil during the year 1939-40 was : r seeds 3,502 tons, 
valued at about Bs. 7,60,000 and oil 239,996 gallons, valued at 
about tis. 3,26,967. The export of seeds is however a fluctuat- 
ing figure; the maximum during the previous five years was 
about 14,000 tons and the minimum 1,300 tons. 



II. GROUNDNUTS (Arachis hypogea). 

Vernacular Names for GROUNDNUTS :— Sannoda— KaHs^- 
KAYI ; Tamil— NELAKADALI ; , Telugu— NELASHANAGALU ; 
Hindustani— VlLAYATi Mung, MCJNGRALLI. 

The groundnut crop in India and indeed in the whole world is 
a remarkable instance of the marvellous effect which the stimulus 
of a commercial demand exercises over the expansion of cultiva- 
tion of any particular crop. From being a crop of very little 
importance and cultivated more as an insignificant food crop like 
one of the ordinary pulse crops on small areas, it has within the 
period of little over half a century been taken up for cultivation 
over millions of acres and practically in every part of the world 
except where precluded by climatic conditions, solely on account 
of the discovery of the number of industrial purposes for which 
it can be used as an oilseed. The only parallel to this develop- 
ment is the cultivation of the soya bean. 

Distribution.— The groundnut is believed to be a native of 
Brazil, South America, but the chief centre from which this world- 
wide expansion commenced is stated to be West Africa, from 
which, thanks to the enterprise of certain French industrialists, it 
was introduced into the Ftench colonial possessions and thereafter 
overflowed into other parts of the world. Though a tropical 
crop, its cultivation extends in both the tropical and sub- 
tropical z-ines and even into the higher latitudes, provided the 
summers are long enough to permit the crop to come to maturity, 
One of the most important groundnut growing regions of the 
world is the United States of America, where extensive areas are 
grown in the Southern and South-eastern States and in some of 
the South Central States also. The whole of West Africa includ- 
ing the Congo Free State, and several parts of East and North 
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Africa such as Mozambique are very important groundnut 
regions- The East Indies, Burma, and Cochin China also grow 
large areas. India is among the most important regions with an 
extent exceeding eight million acres under groundnuts. Along 
the Mediterranean littoral in Europe and in China, Japan and in 
Australia the crop is grown over considerable areas. In India the 
crop is grown in nearly every province but over 60 per cent of 
the acreage is in the Madras Province and 30 per cent in the 
Bombay Province, while the remaining 10 per cent is distributed 
over other parts of the country. 

Soils.— Groundnuts are grown both as a dry crop and under 
irrigation. > For really good yields, groundnuts require a higher 
rainfall than the ordinary dryland crops. About 30 to 35 inches 
should be considered necessary, though the crop is grown under 
a much lower rainfall such as 20 or 22 inches, the yield of course 
being correspondingly precarious and low. It can, unlike the 
ordinary dryland crops, also stand a higher rainfall which may 
go up to 50 or 55 inches. A light sandy soil, well drained sandy 
loams and good alluvial loams are suited ideally for the groundnut 
crop. These light soils favour the setting and ripening of good 
crops and also make the, harvesting easy. Over largo tracts 
however it is the ordinary red loams, both light and heavy that 
are put down to groundnuts as the predominant soils. In 
recent years very large areas are grown on the black cotton soils 
also, and on the somewhat heavy soils of rice fields. Like many 
popular crops it is beginning to be grown on practically all soils, 
unless they are positively harmful by being badly drained or 
alkaline or otherwise defective. 

Rotation. — Groundnuts are grown generally as the only dry 
crop of the year. The variety largely under cultivation is one 
which occupies the ground for quite five months, and where the 
digging or harvest of the crop has to be postponed, for even a 
longer period; hence only one crop can be grown whether the 
tract is one of early rainfall or lats rainfall. In recent years 
however, early maturing varieties which take only 90 to 100 days 
have come into cultivation ; this has made the raising of a second 
crop possible in dryland cultivation also. Where the crop is 
raised under irrigation, groundnuts form one of the two crops 
raised in the same year. The long season groundnut crop is 
rotated with ragi sown as a main season crop. The rotation is 
rather recent but it is found very advantageous, especially on 
account of the digging which the field receives at the end of the 
season when the groundnut crop has to be gathered. The early 
season groundnuts are sown either in the early or late rains ; in 
the former case, the crop is followed by horsegram or late season 
jola. if sown in the latter rains, then it follows early season or 
kar ragi or jola. Groundnuts are grown generally pure but the 
practice of taking a mixed crop is also coming in, especially as 
the groundnut is a low growing crop and can therefore be grown 
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as a ground or low crop under tall growing crops like jola, castor, 
' sajje,' or ' togare.' In fact it is only these crops that are grown 
as mixed crops with groundnuts. Even cotton is beginning to be 
grown in this way, especially the early sown variety — the Dharwar 
American — in fields with the short duration erect varieties of the 
groundnut. Irrigated groundnuts are raised largely in rotation 
with rice, but under garden cultivation one or more of several 
short season crops like maize, potatoes, or vegetables are grown 
in rotation. 

Cultivation. —Fields are prepared by ploughing several times 
and cultivating and harrowing to obtain a clean seed bed and a good 
tilth for the groundnut crop. In tracts of early rainfall on fields 
ploughed once or twice already after the previous harvest early 
sowing of groundnut is possible and a short duration variety is 
sown abont the beginning or middle of May. Elsewhere sowings 
are possible only a little later ; but even here if early rains are 
received and sowhog in the month of May is possible, then a short 
duration variety is likewise sown. As a complete preparation of 
the soil is not possible so early in these tracts, only the late 
maturing or long duration varieties are sown about the end of 
June or the middle of July, the sowings not being possible .until 
the end of this month. Still later sowings are made towards 
the end of August or the beginning of September, usually after a 
crop of ' kar ' ragi or other early sown crop has been harvested or 
in between a tall growing crop like castor which may be about a 
month or six weeks old already. The crop is sown in the Mysore 
State almost invariably in rows, either in plough furrows in 
which the seeds are dropped by the band or through the., one- 
furrow seed drill, the ' sadde ', In the black cotton soil tracts 
special seed-drills are used which sow two or four rows of ground- 
nuts, The distance between the rows is about 12 inches in the 
case of the creeping varieties and abou$ nine inches in the case 
of the erect varieties. In the case of the latter, the closer the 
rows up to about six inches and the closer the plants in the tows 
up to four inches, the higher the yield. The closer rows have 
however the disadvantage that the interculturing of the crop 
with the usual toothed or bladed harrows becomes rather diffi- 
cult; but if this can be carefully managed, then this will be the 
best spacing; otherwise the nine-inch spacing will have to be 
adopted. Seed is covered by ploughing an adjacent furrow or 
with the light bladed harrow. In parts of the black cotton soil 
. tracts, notably round Davangere in the Mysore State, the use of 
artificial manures for groundnuts has become popular. , A mixture 
of one cwt. oi : sulphate of ammonia and one cwt. of superphos- 
phate per acre are drilled into the furrows at sowing time along 
with, the seeds, the manure being drilled in the one-furrow seed-, 
drill or ' sadde'. Groundnuts respond well to such manuring and 
heavier doses can be used with advantage if it were not that 
insufficient rainfall may make it infructuoua or possibly even 
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harmful. Where it is grown under irrigation, higher doses may 
safely be applied with advantage. 

Seed for sowing is obtained from sound pods which have 
not suffered from damp or mouldiness and have been well dried 
and stored. The shelling of the seed is done by hand and no 
machine-shelled seed is sown. The former is very slow and 
laborious but gives fresh and undamaged seed. Machine-shelling 
generally breaks and bruises the seeds and further is seldom 
fresh and the germination becomes very patchy, when the seeds 
are sown ; if, however, freshness can be guaranteed, then the other 
disadvantage of broken seeds can be allowed for by increasing the 
seed rate. The hand-shelling is certainly a very tedious process, 
requires a large number of coolies, and becomes almost impossible 
where large areas have to be sown. The seed required for an 
acre of the erect variety is about 80 lbs. of shelled nuts which will 
correspond to about 120 to 140 lbs. of unshelled seed. For 
the spreading varieties, about 40 to 50 lbs. of shelled seed will be 
enough. 

In a good moist seed bed, the seeds germinate quickly and the 
braids are visible above ground in sis days or a week. In about 
three weeks the crop is intercultured with the toothed or bladed 
harrows and if the crop appears too thick, the toothed harrows 
are worked once across the field also. If the varieties had been 
sown by broadcasting or if the field had not been thoroughly 
prepared, then there is a good deal of hand-weeding to be done, 
•which has to be attended to at least once. In the erect varieties 
flowering begins in sixty days and the bulk of the flowering is 
completed in a fortnight; further irregular flowering goes on 
sometime longer but these later flowers do not mature seed pro- 
perly. The flowers are borne on stalks close to the base of the 
plant and on fertilisation bend down and penetrate in the soil 
where the pod grows and matures. In 100 days the crop is 
ready for harvest ; a trial is however made by pulling out aome 
plants here and there and if the greater buik of the pods are 
ripe, then the whole crop is harvested. Harvesting consists in 
pulling the whole plant up by the roots, which is rather easy in 
these .varieties, especially if tbere should be a shower of rain about 
the time, which is usual ; otherwise the small weeding hooks are 
also used to help in the pulling up of the plants. The pods are 
then separated from the plants only by the hand, either on the 
field itself or leisurely at home whither the whole crop is carted. 
In sorne^ villages, notably in Ghintamani and Kolar Taluks, 
Mysore State, a small tool is used for this purpose ; the head of a 
small iron rake with the teeth set very close is fixed firmly in the 
ground with the teeth pointing upwards and the bunch of plants 
with their pods is beaten and drawn across the rake, when the 
pods are combed out quite neatly. This makes the work some- 
what quicker and less laborious. As there is generally some rain 
about this time, the pods are often wet ; they have to be spread 
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out in the sun when there is a break or at least indoors to dry to 
some extent; otherwise the nuts may heat up in the heap and 
deteriorate. A-t the earliest opportunity also, they should be dried 
thoroughly in the sun, before being sent to market or stored. 
A certain amount of cleaning of the produce from adhering earth 
by both rubbing and putting through coarse sieves will also have 
to be done before marketing. 

The groundnut haulms or leafy remains of the plant are 
stacked in the fields or near the homes and after the other crops 
of the year are also harvested and threshed, they are put into 
the straw stacks in alternate layers with cereal straws. These 
haulms and Iea,ves, if exposed to the rain quickly blacken and de- 
compose and are therefore protected, when they are to be used for 
fodder, by thus stacking them inside the straw stacks. They 
form a nutritious fodder and have the following composition : — 
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The creeping varieties of the groundnut are sown in June- 
July and become ready for harvest about the month of December. 
The crop covers the whole ground and pods are borne all along 
the creeping stems and the whole field has therefore to be dug 
for removing the pods. The fields are either dug or are ploughed 
to bring up the pods to the surface where they can be separated 
from the haulms. Even in the best of times this is a difficult 
and expensive operation and it is at least one reason which pre- 
vents a grower from putting down a larger area under it. The 
ground becomes very hard by this time and if no stray showers 
are received, the ploughing or digging becomes very difficult. 
Sometimes the stone roller is worked on the field under these 
circumstances and this loosens the surface to a certain extent, 
making the ploughing or digging a little easier. In exceptional 
cases fields may even have to be abandoned on account of this 
difficulty, especially when the price of groundnuts is low. 
Potato-digging ploughs, not too-heavy to be drawn by a pair of good 
bullocks, have been tried but when the ground is too hard for 
even the country ploughs, this implement becomes out of the 
question. Even when the ground is soft enough for its being 
used, considerable quantities of the nuts are left in the ground 
without being brought up to the surface, necessitating a good deal 
of hand-picking. In the black cotton soil tracts a harrow called 
the ' Sangli kunte" in which the blade works at a sharp angle going 
almost vertically into the ground is used for harvesting the nuts 
but on the hard red soil surface the implement is not satisfactory. 
In the large scale farming of the U. S. A, lacge potato-diggers of 
the elevator type are used for harvesting the nuts but even there 
considerable nuts are left in the ground ; this, however, is not 
considered a loss in their systems of large scale farming. Much 
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of the nuts remaining in the ground moreover is turned to good 
use by letting pigs forage for the nuts and feed on them. 

Where groundnuts are grown under irrigation, the difficuty 
in harvesting does not arise. The ground is either soft enough 
for easy digging or an irrigation is specially given for the purpose. 
In some villages the haulrns are cut and removed and then the 
field is flooded and ploughed ; this brings up the pods many of 
which even float in the water. Picking is of course very easy ; 
the pods are however wet and have to be dried thoroughly before 
being sent to market, and such drying takes several days and 
even then is not complete. A good deal of the groundnut crop 
of the east coast districts of Madras is raised under irrigation and 
this practice of flooding the field to gather the crop partly 
accounts for the complaints regarding the alleged watering of 
groundnuts as one of the malpractices in this trade. 

Yield. — The yields of groundnuts vary very much according 
as the variety is a short duration one or a long duration one and 
according as it is grown as a dry crop or as an irrigated crop. The 
short duration varieties under dry cultivation give on an average 
about 800 lbs. of unhusked pods per acre with very high yields 
going up to 1,500 lbs. The long duration varieties yield under dry 
cultivation from 1,000 lbs, as an average to 1,700 lbs. as a very good 
yield. Under irrigation the latter may yield up to 2,000 lbs. per 
acre. All the weights refer to unhusked pods. The weight of a 
Mysore seer of pods is equal to 1 lb. in the Spanish variety, to 
about 12 oz. in the Valencia variety and 14'4 oz. in H. G-. I. 
variety. One hundred seers of pods weigh approximately 86 lbs. 
and 100 seers of the husked seeds will weigh about 194- lbs. The 
pods yield from 70 to 90 per cent of their -weight of shelled 
seeds, depending upon the variety. 

Botany and varieties. — The groundnut belongs to the natural 
order Leguminoseae and the sub-order Paphionaeere. It is a low 
growing, spreading or prostrate herbaceous annual profusely 
branching and covering the ground over an area of 2 to 3 feet in 
diameter. It has a tap root 8 to 10 inches long and many adven- 
titious roots which spring from near the base of the plant and 
enter the soil. Home varieties have an erect habit of growth and 
attain a height of about one foot. Others partake of both habits 
of growth and are erect mainly, with a few stems which are prost- 
rate. Eoot-nodules are conspicuously and profusely developed 
on the main root and lateral roots. The leaves are compound ■ 
with two pairs of opposite leaflets, ovate in shape about an inch 
long and \ inch in width, dark or light green in colour on the 
upper surface and whitish on the lower, The flowers are yellow 
in colour and are borne in the axils singly or in clusters of two to 
four. The stamens are monadelphous and are eight or ten in 
number. The ovary is superior at first. The flower is self-ferti- 
lised, both stigma and pollen maturing at the same time. After 
fertilisation the base of the ovary elongates into a long stalk and 
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plasties the developing ovary into the soil where it grows and 
matures into the nut. The pods are 1 to 3 inches in length, 
cylindrical and reticulated and slightly swollen over the seeds. 
The seeds are two to four in number and have pale pink to dark 
brown papery seed coats. 

There are a number of varieties in groundnuts. They may 
be broadly distinguished as erect and spreading (also called 'runner') 
varieties. The erect varieties are also called ' bunch ' types, as 
the nuts are borne in a bunch close to the base of the plants, 
while in the ' runner ' varieties they lie spread out. The erect 
types are of short duration and mature in three months or 100 
days and the 'runner' varieties are of long duration and take about 
five to seven months to mature. Differences are noticed in the 
size and shape of the pods, in the number of seeds in the pods 
and in their size and colour. The seeds also differ in their oil 
content. The old Mysore local variety called 'Natu kayi' belongs 
to the ' runner ' class. It has light green leaves -with hairy stems 
which are slightly tinged violet. Its characteristic feature is the 
shape and size of its pods, which are thin and long, have three 
to four seeds, small and somewhat wrinkled in shape. The 
seeds have a lower oil content than the seeds of other varieties 
and are fancied for being roasted and eaten. The variety is now 
grown only to a very limited extent and has been displaced by 
foreign introduced varieties. The most common South Indian 
variety now under cultivation goes by the name of Mauritius 
groundnuts which ib also referred to as " Coromandal." It is a 
spreading long duration type, grows vigorously and gives a good 
yield. The seeds have a high oil content. The pods are small 
and contain two or three seeds, of medium size and brown in 
colour. It is a variety which is grown most extensively not only 
in India but in many parts of the world also, notably in Africa. 
Many new varieties continue to be introduced and tried, and a 
promising new one appears to be the variety called ' Saloum ' 
from West Africa, which has been found to yield in Madras quite 
25 per cent mora than the ' Mauritius.' 

In addition to the above two spreading varieties, erect varie- 
ties of two kinds are largely grown in Mysore and elsewhere in 
India. These are (1) the Spanish, also referred to as " Peanuts " 
or " Natal " and (2) the Small Japan, also called " Bed Natal." 
The ' Small Japan' is a vigorous plant growing about a foot in 
height. The leaves have a yellowish tinge in the green. The 
pods are short and almost rounded and the shell thick. The pods 
contain only two seeds and sometimes only one, which are smooth, 
round and deep brown or red in colour. The seeds have a high 
oil content. The ' Spanish ' resembles the ' Small Japan ' in 
growth but pods and seeds are smaller, and the seeds are pink or 
rose coloured in marked contrast with the dark red of the 'Small 
Japan.' Both varieties are short duration crops maturing in 
about 100 days. A peculiarity of the erect types is the lack 
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of dormancy in the seeds. The first formed pods may sprout 
before harvest if this is delayed and if the soil is sufficiently 
moist. The spreading varieties are free from this drawback. 

On a comparatively small scale there are also grown many 
foreign varieties, such as. ' Virginia bunch,' 'Valencia/ 'Virginia 
runner,' ' Big Japan ' (also called ' Bold ') and so on. The first 
two are erect types and the others are spreading types. All are 
characterised by large pods and seeds. A good variety evolved 
in Mysore is the H. G. 1 which though an erect type, gives a 
larger yield. 

Pests and diseases. — The hairy caterpillar— Amsacta albi- 
striga — which has been described as attacking ragi, jolaand many 
other crops, attacks the young groundnut crop also and completely 
defoliates it. If the attack is very bad, it may he even necessary 
to re-sow the crop. The remedy consists in hand-picking the 
moths when they emerge and are seen on the crop. As already 
explained, this is not a difficult matter and is found very effective. 
This is probably the most serious insect pest on the crop in 
Mysore. 

The ' Surul puchi ' or leaf roller — Stomopteryx nerteria, 
Meyr, — causes much damage in Madras. The pest is the larva of 
a small moth, which webs several leaves together and feeds on 
them. After feeding for three weeks the larvsa pupate inside 
these rolls of leaf and during these three weeks the destruction 
of leaves wrought is very great. The moth emerges in four days, 
lays eggs on the leaves, from which in another three or four days 
a second generation of larvse hatch out ; these burrow into the 
leaves and later on commence to bind the leaves together into 
small rolls again. No satisfactory control measure has been 
worked out. 

Tho most serious disease of groundnuts is what is known as 
' Tikka ' disease. — Cercospora personata (B. and C.) Ellis — • 
Small yellowish spots are formed at first on the diseased leaves, 
which become larger and then run into each other, forming large 
patches of yellowish brown areas. These affected leaves then 
drop off and the plants are so weakened by the loss of leaves 
that pods do not form at all or do not develop into the normal 
size, No control measures are known and the remedy appears 
to lie only in evolving resistant types. 

Another disease, which is regarded as a virus disease, causes 
a dwarfing of the plants and a crowding or the shortening of the 
leaves, giving them a rosette-like appearance, aDd producing more- 
over a yellow spotting of the leaves. Still another disease noticed 
on groundnuts is a kind of ' mosaic ' disease which is said to be 
destructive in South Africa. Both diseases, though they have 
been observed in India, have not so far become serious. 

Other enemies. — A great deal of damage to groundnuts is 
caused by the ravage of wild pigs which make the cultivation of 
the crop in certain tracts impossible. Watching at night and 
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exploding a small charge of gunpowder to scare them away are the 
methods resorted to. Pig-proof fencing has been introduced and 
put-up co-operativeiy by villagers in certain parts of the Bombay 
malnad but ordinarily this is too expensive to be thought of . 
Poison baits and percussion charges hidden inside baits made of 
cooked ragi or rice are also used. When the crop is maturing, 
crows commit a lot of havoc especially on light sandy soils into 
which they can easily peck. The crop has to be watched against 
this pest. 

Chemistry and uses. — Groundnuts are cultivated principally 
as an oilseed but considerable quantities are used directly for 
human consumption like any of the ordinary pulses. The nuts 
are first shelled and then used either toasted or fried and salted 
or boiled, and both by themselves and mixed with a variety of 
vegetables. Like other edible nuts, such as walnuts, almonds or 
hazel nuts, groundnuts enter into various forms of confectionery, 
toffees, etc. Freshly fried and salted and along with popped corn 
or maize, it is a favourite delicacy sold at all street corners in Ame- 
rican cities. In India toasted groundnuts eaten with some 
jaggery form a cheap and sustaining food. 

It is .however, as a source of oil that groundnuts find their 
largest use. The oil of the groundnut is a non-drying edible oil. 
Decolorised, deodorised and bydrogenated, the oil enters largely 
into the manufacture of ' margarine ' in Europe and America. In 
India it is used as a cooking oil for frying various articles in the 
same way as gingelli or cocoanut oil ; like these again, it is used 
as an unguent. It is also largely used for adulterating gingelli 
oil. Mixed with other edible oils and by itself it is subjected to 
hydrogenation and the resulting solid product is sold as vegetable 
ghee or used to adulterate butter and ghee. The quality of the 
oil is given by the following constants ; — 

Specific gravity at 15°C. ... 0'925 

Saponification Number ... 185"6 to 196 

Iodine Value ... 84 to 105 

Reichert Miesel Value ... 0"S 

Refractive Index ... 1.47. 

The largest use for the oil especially of the lower grades is 
as soap stocks for the manufacture of soaps. The oil is extract- 
ed by pressure in rotary or hydraulic mills or in the ' Anderson 
Expeller.' Oil is also extracted by means of chemical solvents like 
petrol, and both oil and petrol are later separated, the latter to be 
used over and over again. 

The oil-cake obtained after the extraction of the oil is a 
valuable cattle food and a manure. The oil-cake. obtained by 
comparatively low pressures as in the country oil-mills contains 
considerable oil unexpressed, while the oihej.' mechanical appli- 
ances exerting more pressure also leave more or less oil unex- 
pressed though very much lees than with the country mills. The 
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cake (or meal) left after chemical extraction is practically free 
from oil. This meal is not used as a cattle food on account of the 
smell from the solvent. The percentage of nitrogen (or proteids) 
in the cake varies inversely as the oil content, so that the greater 
the oil left in the cake the less is its nitrogen content and vice 
versa. The feeding value of bazaar cake is given by the following 
composition : — 



Oil 


Albuminiods 


Carbohydrates 


Fibre 


13-4 


50'0 22-5 2-75 



The kernels (of shelled nuts) of different varieties of ground- 
nuts differ in the percentage of oil they contain. Thus the oil 
contents of the three main varieties Mauritius, Small Japan and 
Spanish are as shown below : — 

Mauritius 46"4 Small Japan 50'2 Spanish i&'i 

The proportion of shell to kernel in the different varieties 
also differ and range from 70 to 75 of kernels to 30 to 25 of shells, 
both by weight. 

The chemical composition of groundnuts indicating their 
value as a food is as below : — 



Water 


Albuminoids 


Oil 


Carbohydrates 


Fibre 


Ash 


7-5 
4-7 
7-9 


24-5 SO 
29-1 43'8 
26'7 1 40.1 


11'7 
13'2 
20' 3 


4-5 
1'6 
3-1 


1-8 
2-1 
1-9 



Groundnut cake is extensively used for manurial purposes 
both by itself and in mixtures. It is richer in nitrogen than 
other oil-cakes and it is also the most quick acting among them. 
The plant food percentages in average samples are asbelow : — 
Nitrogen Phosphoric acid (P 2 O ) Potash (K 2 0) 
7"6 2-0 rs 

Groundnuts are a favourite crop principally because the pro- 
duce can be sold and converted into money quickly. In the case 
of the early season crop, the money return is received in the crop 
year itself and in the case of the long duration varieties much 
sooner than with the grain or pulse crops of the year. Growers 
sell their groundnuts in the unshelled condition and in marketing 
centres where there are hulling establishments. For want of 
storage accommodation in the homes, the crop is sold immediately 
after harvest. Carting to market centres is a heavy item of 
expenditure and marketing charges and practices Work mnch to 
the grower's detriment ; nevertheless, as the returns are quick, 
these are all put up with uncomplainingly. 

Production and trade.-^-The total area under groundnuts in 
India in 1938-39 was 8J million acres. The cultivation has in- 
creased enormously during the last twenty years as the acreage 
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under the crop was only two million acres in the year 1914. The 
Indian acreage at the present time amounts to 36 per cent of the 
total world's acreage. The main producing tracts in India and 
the acreage under cultivation in each are as below : — 
Madras ... ., 3,820,000 

Bombay ... _ ... 2,384,000 

Hyderabad State ... ... 1,686,000 

Central Provinces and Berar ... 226,000 
Mysore State ... ... 221,000 

- United Provinces ... ... 159,000 

Orissa ... ... 20,000 

Groundnuts form a most important export produce from 
India. Large quantities of seed, oil and oilcake are exported 
mostly to the United Kingdom, JB'rance and Germany. The 
quantities exported in the year 1939-40 were as below : — 

Groundnut seeds — 548,564 tons valued at about Bs. 7'2 

erores. 
Groundnut oil— about 4 million gallons valued at Ss. 51 

lakhs. 
Groundnut oilcake— 232,095 tons valued at Rs. 21 lakhs. 

III. CASTOR (Ricinus communis). 

VERNACULAR Names for OA3TOR: — Kannada— -Haraltj ; 
jTamiZ— -Amanakku, Kottai MUTHU ; Telugu—kWJVALV ; 
Malay dam— Avanakku ; Hindustani — Abend. 

Distribution. — Among the oil seeds of India, castor occupies 
the first place in regard to the quantity of seed and oil exported. 
India is also the most important source of the world's supply of 
castor oil. Believed variously to have had its origin in India and 
in North Africa, the castor plant is now grown in many parts of 
the world, such as the United States of America, Queensland, 
Egypt, the Sudan, and many parts of East and Central Africa, 
in Southern Europe and in many countries in Asia including 
Arabia and Iraq, China and Japan. It can be seen growing in 
elevations of up to 5,000 feet and even 7,000 feet; provided frost 
does not set in before it matures, it can be grown in all countries 
where maize can be grown. It can be grown in dry arid climates 
and can stand very heavy rains and floods. 

In India its cultivation is mainly confined to the Hyderabad 
State, Madras and Mysore which grow about 781,000, 264,000 
and 103,000 acres, respectively. 

Soils. — Castor is grown generally on the deep red loams, 
both sandy and clayey, on good light alluvial loams, and even on 
rough gravelly uplands. A coarse open texture of the soil is 
favoured and the deep black cotton soils are not usually put down 
to castor. It can«howevei\be grown on the somewhat clayey 
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soils of rice fields, but even here a considerable admixture of 
sand rendering the soil well drained is necessary. On these soils 
castor is grown as a garden crop, with irrigation generally, as a 
shade crop or on field margins in fields of turmeric, ginger or 
sugarcane. 

Rotation. — The castor crop is grown almost entirely as a 
dry crop, and is rotated with the ordinary dryland crops. It 
occupies the ground for the whole crop season and therefore 
forms the sole crop of the year although many other crops can 
he and are grown as mixed crops. Castor takes from five to 
eight months to finish a crop in the dryland cultivation but there 
are varieties which either grow as perennials or at least keep 
growing for more than one season. Castor is rotated with the 
main season ragi, with its mixed crop of 'avare' or 'togare', with 
jola and its mixed crop of 'togare' with 'haraka', 'sajje' or with 
groundnuts, Dharwar American cotton, dryland chillies, tobacco 
or horsegram. The castor crop can be generally removed from the 
field only about the month of March and will therefore not allow 
of the field being prepared and put down to early crops followed 
by a late rain crop in the same year. It is usually therefore 
followed by another main season or late season crop. As mixed 
crops in castor, the following are grown in different parts of 
Mysore, viz., various pulses like 'avare', 'togare' and cowpeas, 
dryland chillies, gingelli, horsegrain and short season groundnuts. 
With the pulses as a mixed crop a row of castor alternates with 
a row of one or other of those named above, but in the rows of 
the pulse crop also castor plants are sown somewhat sparsely, so 
that one row of pure castor alternates with a row of a pulse crop 
mixed with castor. Castor sown with chillies comes in rows 
about six to eight feet apart with four rows of chillies which are 
planted in rows about- J | feet apart; short season grouDdnuts 
or gingelli are likewise sown between castor rows which are 
made from three to six apart depending upon the importance 
attached to. the respective crops by the grower. The horsegram 
is sown late in the season after the inter culturing for the castor 
is finished. The horsegram covers the ground completely as it 
is sown between the castor rows both lengthwise and crosswise. 
Cultivation. — The field for castor is generally well prepared 
as for ragi, the ploughing commences after good soaking rains 
are received and is repeated after each good rain ; the clods are 
broken and the weeds dragged by the bladed harrows and the 
seed bed got ready for sowing in the rains of July. A good deal 
of sowing is postponed until the grain crop sowing can be 
finished and the castor in that case is sown even until September 
and on poorly prepared ground. In this latter case furrows are 
hurriedly ploughed at distances of three feet from each other both 
lengthwise and crosswise and in the intersections of the furrows 
the seeds are sown. The interspaces are ploughed later on when 
the pressure of work becomes less. 
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Normally however castor is sown after the seed bed is well 
prepared. When grown pure it is sown in rows three feet apart 
and at distances of two feet in the rows or at distances of three 
feet each way. Plough furrows are ploughed at these distances 
both along the length and across the fields and the seeds are 
dibbled by hand at the intersections of the furrows two or three 
seeds being put into each hole. Where mixed crops have to be 
grown the farrows for the castor are ploughed at varying 
distances according to the needs and wishes of the grower, and 
interspaces are sown with the raised crop either in a three or six- 
tyned drill. The seed is covered by a light bladed harrow or a 
wooden toothed harrow. About three weeks after the plants 
come up, the field is intercultured ; the interculturing is either 
by ploughing or by working a couple of bladed hoes both along 
the length and the breadth of the field in the interspaces, when 
castor is sown pure or with bladed hacrows of appropriate widths 
when mixed crops are sown. These hoeings earth up the rows of 
the castor and of the intercrops in addition to removing the weeds. 
The early sown crop begins to bear inflorescences from about 
the end of October and the ripe fruits are ready to pick from the 
end of November. The fruit bunches have to be picked at the 
proper tstage, usually some considerable time before they begin 
to dry while they still retain their green colour. The fruits in the 
bunches mature at short intervals and dry fruits split and scatter 
the seeds. To avoid this risk the bunches are gathered before 
any sign of drying is to be seen. Some plants bear only one 
bunch, others bear two or more. The gathering of the pods goes 
on almost until the end of February of the following year. The 
pods are heaped up until the akin blackens and dries, and are 
then spread out in the sun to dry. The seeds are beaten out 
with sticks, winnowed and screened to remove the husks, dry 
skins and adhering earth. 

Yields. — When grown as a pure crop, yields up to 
900 lbs., of seed per acre are obtained from well grown crops 
and 400 to 500 lbs., from average crops. Even poor crops 
yield 200 to 300 lbs., per acre. A 'palla' or 100 seers (Mysore) of 
the seeds weighs 1625 lbs., or a seer weighs about i - 6 lbs. The 
volume weight however varies materially according to variety. 

Botany and varieties.— The castor oil plant — Bioinus 
communis— belongs to the natural order Euphorbiaceae, which 
comprises a large number of tropical herbs, shrubs arid trees. 
There are many varieties of castor which are. annual and others 
svbich are perennial. The stems are hollow and are either 
straight with little branching or ace many- branched. Varieties 
greatly differ in their height; the ordinary field 
varieties range from six to ten feet, others grow up to 
15 or 20 feet, almost like small trees and in one case 
the remarkable height of 30 feet is also reported. The 
leaves have long stalks, are palmate, glaucous with serrate 
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margins. The stems including leaf stalks are differently coloured 
in the different varieties, the colours falling into two distinct 
classes, -ok., light purple and green, in both of which some have 
a white bloom on them and others are devoid of it. One varipty 
is indeed highly ornamental with stems and inflorescences deep 
red in colour. 

The inflorescences carry both male and female flowers and 
are panicled racemes which start from the terminal buds of the 
main' growing shoot of the stem and of the branches The male 
flowers are found at the base of the inflorescence and the female 
flowers higher up. The f raits are three — celled, three — sided 
capsules almost round in shape about the size of a marble, and 
are either smooth skinned or covered with short spines- These 
two different kinds of fruit are to be found in both the main 
types, the green and purple stemmed. When quite ripe the 
capsules in some varieties burst and scatter the seeds, while in 
others they are non-dehiscent and have to be dried and beaten to 
separate the seeds. The seeds are oval flattish to rounded and 
the seed coat is hard and shiny and coloured variously from 
brown to black and marbled or speckled. Varieties differ in the 
size of the seeds, in colour and t.he oil content. The seeds of the 
small seeded varieties are about fz inch across and the seeds 
of the large seeded varieties may be | or § inch across. In 
between the two are many intermediate types. The number of 
seeds per lb. has been found to range from 448 to 5,376 ! Tbe oil 
content also varies from 48 per cent up to 56 per cent in the 
different varieties. The annual varieties differ in their period of 
maturity which varies from five months to eight months. The 
annual varieties grown on dryland are usually small and medium 
seeded, while the garden and ornamental varieties have large 
seeds. The varieties with very large seeds are usually rather 
low in their oil crntent. The varieties which are grown under 
garden cultivation and on the margins of the sugarcane fields are 
rather high in their oil content as compared with those grown in 
dry fields. They also vary in the number and length of the 
inflorescences, the latter sometimes measuring 21 feet in length. 
The small seeded variety gives oi! which is generally esteemed 
for medicinal preparations. Many of the abovementioned 
characters of the seeds as colour and size are to be found in the 
seeds of both the annual and the perennial or semi-perennial 
varieties. 

Tbe castor seed consists of 20 per cent of husk or shell and 
80 per cent of the soft kernel which contains the oil. The un- 
shelled or ' undecorticated ' seeds contain from 40 to 53 per cent of 
oil while the kernel contains 58 to 66 per cent of oil. The small 
seeded varieties contain about 7 to 8 per cent more oil than the 
large seeded varieties in their seeds. Much variation in the oil 
content of one and the same variety is caused by the stage at 
which the seeds are harvested. The difference between dead ripe 
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seeds and those harvested earlier may amount to as much as 
9"5 per cent; in fact this factor of maturity gives rise to a 
greater difference in the oil content than varietial characteristics. 

Pests and diseases.— The castor plant is subject to a number 
of insect pests, which comprise leaf eating insects, shoot and pod 
boring insects, and those which suck the sap. There are several 
kinds of insects under each of these groups, but only a few of 
them that can be considered as serious pests. Among the leaf 
eating insects the most important and a very common and serious 
pest is the castor semi-looper, Aokoeajcmata, L. These grubs 
breed in enormous numbers and feed voraciously on the leaves 
of the castor. The attack usually begins on the young crop 
itself which is often so badly defoliated that the crop has to be 
ploughed up. When grown up plants are attacked the damage 
is equally great and the plants are completely stripped and form 
either no flowers at all or only dirounitive ones which come to 
nothing. The caterpillars hatch out from eggs laid singly by 
the female moth on the underside of the leaves. A. single moth 
can lay some 400 eggs and these are laid all over the crop as not 
more than five or six eggs are laid on a single leaf. The 
caterpillars feed voraciously and grow into the characteristic 
hump-backed smooth-bodied grubs, and pupate in the ground or 
on the plant itself. The moth emerges in ten days or a fortnight. 
A generation takes only about a month and some two or three 
broods therefore appear in the season and the number of eggs laid 
becomes prodigious. The pest is however subject to the attack 
of parasitic wasps and the caterpillars are eaten by birds both of 
which agencies keep down the numbers a great deal. In the 
attacked fields crows and other birds descend in swarms and 
gorge themselves on the grubs, both morning and evening. 
Unfortunately the birds seem to be attracted only when the 
loopers are somewhat grown and have therefore done considerable 
damage. One remedy based upon this circumstance is to 
attract birds into the fields by' scattering balls of cooked rice or 
ragi from which they may pass on to the grubs themselves even 
when those are not fully grown. 

The spraying of the plant at an early stage with a solution 
of lead arsenite or Paris green is also effective, but rather 
expensive. The life history has been fully studied and as the 
larvae pupate under the castor plants it is advised that the castor 
fields should be well ploughed after harvest to expose and kill 
the pupae, so that they may not form the starting point for the 
emergence of the insects in the following year. 

Considerable damage is done to the pods or capsules while 
on the plant by a pod-boring insect — the Diohoorocis puncti- 
feralis G, This is a pinkish brown caterpillar which bores not 
only into the young and ripening : capsules but also into the 
shoots especially where they spring from the main stem. It is 
the same boring insect which attacks the shoots of turmeric, 
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ginger and cardamoms. Though the pest is fairly serious, there 
are no effective remedies known. The catting off and burning 
of the affected shoots and capsules will however prevent the 
spreading of the, pest. 

Though several bugs and sap sucking insects are sometimes 
found on the castor plant, none o£ them cause any serious 
damage. 

Diseases. — The castor plant is subject to the attacks of a 
number of fungus and other diseases. These are (1) arust disease — 
Melampsorella ricini — which appears as bright coloured spota 
covering the whole leaf, (2) a leaf spot disease — Geraosporina 
ricinella — which appears on the leaf as irregular spots with a 
greyish centre and a brown outer ring, (3) a mildew — Oidium sp 
—on the leaves, (4) a stump rot — Diplodia ricinella and lastly a 
bacterial wilt — identified as the bacterial wilt attacking the 
potato crop and other solanaceous plants. The castor crop 
suffers from these only in a minor degree and the damage is 
seldom serious. 

Chemistry and uses.— C&sbov oil is a non-drying oil, with the 
following physical and chemical constants : — 

Specific gravity at 14"5 ° G ... 0"959 to 0"969 

Eefraotive index at 40 ° C ... 1"46?9 to 1'4723 

Viscosity at 100 ° E ... 1160 to 1190 

Saponification number ... 175 to 185 

Iodine number ... 82 to 90 

Reichert — Meisssl number ... l'O to 2"0 

The oil does not become rancid ; but if the decorticated 
kernels are stored for any length of time the lipase in the seeds 
act3 and liberates the free fatty acids. If these seeds are used 
for making ' cold drawn ' oil, then the fatty acids will pass into 
the oil and give rise to rancidity. 

The castor oil cake is a valuable fertiliser ; but owing to the 
presence oE the poison 'ricin' it is' unfit for cattle feed. The oil 
cake will vary in composition according as it is prepared from 
'decorticated' or 'undecorticated ' seed. The former will contain 
6 to 7 per cent nitrogen and about 2"25 per cent of P 2 0e while 
the latter only from 3 to 4 per cent of nitrogen and about 1'8 
per cent of P 2 05. 

Castor oil finds a number of uses for domestic, medicinal and 
industrial purposes. As a purgative with properties which no 
other drug or specific is said to possess it is a universal medicine. 
It finds other medicinal uses also. Iu Indian households, it is 
used for anointing the head and body ; it is used as an illuminant, 
giving a bright and steady flame and burning much longer than 
any other vegetable oil. It is used as a lubricant in all moving 
parts of machinery, and for internal combustion engines 
especially those used on aeroplanes, it is unsurpassed and is 
greatly valued. It remains liquid at the low temperatures of the 
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A two-stemmed cocoanut tree, in which both the stems are equally well- 
developed,! grow normally and bear well ; a rarely seen curiosity, 
the result probably of damage by the rhinoceros beetle. 
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upper atmosphere and maintains its viscosity at the high 
temperatures attained in the cylinder of these engines. It is also 
processed into a material which dissolves in mineral oils and 
then used as a lubricant. In the dyeing industry, it is used for 
the preparation of 'Turkey red'. It finds industrial use also in 
the preparation of a number of special products like artificial 
leather, linoleums, etc., and in the making of certain transparent 
soaps. 

Castor seeds also contain two special constituents, viz , 
(1) ricin and (2) lipase. The 'ricin' is a blood. coagulating poison. 
It is the presence of this ingredient which makes the castor oil 
cake unfit for feeding cattle. ' Gold drawn ' castor oil is free from 
ricin. The lipase is a ferment which has the property of split- 
ting up oils into glycerine and the fatty acids and is prepared for 
industrial uses out of the castor seed. 

Castor oil is extracted on a small scale by grinding up the 
kernels into a fine pulp, stirring it with water and boiling the 
mixture, when the oil rises to the surface and can be ladled out. 
On a largo scale, the cold drawn oil is prepared by pressing 
kernels of selected seefis at a temperature not exceeding 100 °F. 
which, yields about a third of the total oil content and free 
from ricin. On an industrial scale, the extraction of 
the oil is carried out by a variety of processes employing both 
pressure and chemical solvents and the oil subjected later to 
considerable purification. 

Production and Trade. — The total area under castor in India 
including the States in 1937-38 was about 1*3 million acres. 
The largest area is grown in Hyderabad where the crop is grown 
on about 735,000 acres,, The area in Madras, Bombay and 
Mysore were 250,000, 421000, and 96,000 acres, respectively. 

India ranks as the largest source of the world's supply of 
castor seeds and castor oil. The export of castor seed and of castor 
oil in the year 1939-40, were as follows : — Castor seed — 40,437 
tons valued at Rs. 32 lakhs in round figures and castor oil — 
1,253,750 gallons valued at Rs. 23 lakhs. In addition castor oil- 
cake is also exported to a small extent, which amounts to 
approximately 3,000 tons per year. 



IV COCOANUT (Cocos nucifera.) 

Vernacular names for COCOANUT : — Kcmnada-TENGV, Tamil- 
Thbnnai, Telugu-TttNKkl, Malay alam-TB.W8A.i, 
Hindustani-NABIAX,. 

Unlike the oilseeds grown as ordinary annual field crops, 
the cocoanut is the product of the cocoannt palm which is a 
perennial tree grown as a permanent garden or plantation crop. 
The cocoanut palm not only furnishes one of the most important 

10 
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of vegetable oils but a number of valuable products the chief 
anions which is coir or cocoanut fibre. In many parts of the 
world where the palm flourishes it furnishes not only food and 
drink to the inhabitants but a large number of their domestic 
needs, for which some part or other of the palm, is found useful. 
The oil and coir were so greatly in demand in the world's markets 
not many years ago that it was considered ODe of the most 
profitable crops to grow being called indeed the ' Consols ' of the 
East, and vast areas were planted up and millions of pounds in- 
vested. At the present time there is apparently a large over- 
production which has led to rather disastrous results. 

Distribution, — The cocoanut palm is a typical tropical crop 
and its cultivation extends throughout the tropics- The palm is 
also associated with proximity to the sea, and the innumerable 
islands of the tropical seas are veritable groves of cocoanuts 
which often grow as the natural vegetation of these islands, Its 
cultivation is therefore largely restricted to coastal belts of 
tropical countries. India, Ceylon, Malaya and the Straits Settle- 
in en is, the whole of the Eastern Archipelago, Java, the 
Philippines, Indo-CAfina and Siam, the Pacific Islands of Samoa, 
New Caledonia, parts of Fiji, the Coastal Belts in Peru, Brazil, 
the West Indian Islands, the Mauritius, East Africa, Zanzibar 
and the Seychelles, the island groups of Laecadives, Maldives, 
Andaroans and of the Nicobar are among the most important 
cocoanut growing countries of the world. The cocoanut palm is 
one of the most ancient plants known to mankind and its 
natural home is a much debated subject, some writers placing it 
in South America and some in the islands of the Eastern 
Archipelago. In India it has been known and cultivated from 
the most ancient times being compared to the 'Kalpaka 
Vriksha ' the tree of the Gods which yields and continues 
everlastingly to yield all one wants. 

The cocoanut palm requires a tropical climate. Salt-laden 
sea breezes are also considered desirable, such as can be secured 
by proximity to the sea. This however is not an indispensable or 
even an essential factor, as the cocoanut plantations in the Mysore 
State demonstrate, these being situated at least a hundred miles 
inlaDd. In Bengal also cocoanut palms flourish far inlaud up to a 
distance of about 150 miles. This distance probably is 
the limit. The palm flourishes generally on the plains and the 
coast and the higher altitudes are not suitable. Though this is 
true to a large extent, the palm is not so strictly confined to the 
sea level or low altitudes. The plantations in the Mysore plateau 
grow at elevations of between 2,500 to 3,000 feet above sea level. 

Soils suited. — The soils suited to the cocoanut palm are 
sandy loams, light sandy soils, alluvial soils such as those in the 
deltas and river valleys in which the soils contain a large 
proportion of sand. In the sea coast the palms may be seen 
growing on almost pure sand, provided it is settled firmly so as 
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to afford a good anchorage to the tree and is not subject to drift. 
This adaptation of the palm to the soils almost entirely sandy or 
with a large proportion of sand in them which is thus one of the 
chief requirements in cocoanut soils is very remarkable. The 
palm also flourishes on the red loams, on light grey soils, on 
soils inclined to be alkaline, and even clays of the black cotton 
soil type, provided they all contain sand, or easily disintegrating 
grit and gravel, and therefore approximate to sandy soils in 
respect of openness and drainage. In fact in gardens raised on 
such clayey soils the carting of sand to the gardens is a regular 
annual operation. On soils in the typical lateritie tracts such as 
the Malnads of Mysore, the palms do not flourish,, nor in places 
where the soil is underlaid by rock or stiff clay within about 
four feet of the surface, even though the cocoanut is not a very 
deep rooted tree. Where however the soil is mixed with easily 
crumbling rocks and rock debris, the palm thrives exceedingly 
well. In the Mysore Government Farm at Babboor the soils 
contain a large admixture of such rock debris which also contain, 
or weather into, considerable soluble salts of potash, soda and 
lime, and the cocoanut plantation on the farm is remarkable for 
its growth and productivity. In the whole tract where this 
Farm is situated the soils are mostly of this nature and in many 
places distinctly of the alkaline type, and the cocoanut palm 
nourishes exceedingly well under irrigation in these soils. 'The 
cocoanut also flourishes in situations where there is underground 
water within its root range, in fact on the coasts and back waters 
the trees grow with their roots touching the water and bathed 
in it. Nevertheless if the land is water-logged with stagnant water 
the palm becomes sickly and yellow as may be seen where cocoa- 
nut trees stand in and among rice fields. In these back water 
margins and the coast, the ebb and flow of the tide prevents the 
stagnation. The cocoanut palm also withstands considerable 
brackishness and salt in the water but the sea water which 
percolates through the sand to the roots of the palm is to a large 
extent deprived of the salt in it in this process and the water 
round the roots is therefore not so salt-laden as it may be thought. 
Bainfall and irrigation. — The cocoanut palm requires some 
30 inches at least of well distributed rainfall such as obtains 
about the equatorial regions, where hardly a month passes, with- 
out one or more good showers of rain. The rainfall of Ceylon 
and of Zanzibar are good instances of the kind required. Where 
rainfall is confined to a few months such as in the case of one or 
other of the two monsoons and the remaining months are 
dry, then cocoanut gardens have to be irrigated or such cultivation 
methods followed as will carefully conserve the rainfall in the 
lower layers of the soil. In South India and the Mysore State 
cocoanut gardens are largely irrigated. The gardens are esta- 
blished only where irrigation facilities exist, such as under large 
irrigation tanks and canals or wells. In fact the underground 
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moisture is really much more important lor the cocoanut than 
even the rainfall. Tracts where a good deal of flood water 
flows daring the rains and thoroughly sjaks the soil possess very 
good cocoanut gardens even though the rainfall is very much 
helow '25 inches, as the soil moisture in those tracts is conserved 
by proper methods of cultivation. This is the case in many of 
the cocoanut tracts of Mysore. Many of these tracts are broad 
shallow •valleys which form the drainage lines for the rainfall of 
the tract. Others lie along the banks of shallow streams which 
are too small for the monsoon rains and therefore overflow the 
almost level banks for considerable distances, the water standing 
for several days and depositing much fertilising silt as well. In 
the shallow valleys of the first type it is usual to hold up the rain 
water for some days by erecting low earthen bunds across with 
a small weir for the surplus, so that water can stand for some 
days in the garden and saturate the soil to great depths. The 
soils of such gardens are fertile red loama with enough sand for 
proper drainage and sufficient clay to absorb and retain moisture. 
The necessity for ensuring moisture in the ground limits cocoanut 
gardens f,o flat or only slightly sloping si Dilations. Terracing of 
hillsides on very undulating country is sometimes attempted but 
the growth is not satisfactory in such situations. Throughout 
South India cocoanut gardens occupy the flat plains in the coastal 
tracts or, if in inland situations, along only river valleys practi- 
cally hugging the river on both banks. 

Mixed and pure plantations. — Cocoanut plantations are 
largely pure plantations of cocoanut trees only ; but it is usual to 
a small extent to lay out mixed gardens in which cocoanuts are 
grown along with other trees like areca, jack, mango, oranges, 
and so on. Although with the small owner this kind of crop- 
ping has advantages especially in reducing risks due to failure of 
crops or low prices for any particular crop and also in providing 
him with something like a succession of crops throughout the 
year, this practice is detrimental to the cocoanut trees. The 
shade and proximity of the other trees intferes with the 
normal growth and productivity of the cocoanut trees which grow 
thin, slant away from large trees and begin tnbear much later than 
otherwise and even after they begin to bear yield only a small 
number of nuts. The tree roots draw away the moisture from 
the cocoanut trees, sending out roots which can be traced right 
into the bole of the cocoanut tree. When a young cocoanut tree 
not far from a jack tree had to be dug up for < being removed to 
a different situation it was noticed that the roots of the jack tree 
about the size of a man's forearm had penetrated into the bole of 
the cocoanut tree; these roots when severed were pouring with aap 
from the direction of the cocoanut tree. Cocoanut trees in similar 
situations are found to bear only after they grow tall enough to 
clear the canopy of the jack or mango trees, that is to say, only 
several years after trees in the open had begun to bear. The 
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only vegetation that can be tolerated is something by way of a 
nurse crop in the young plantation such as plantains for shade 
and coolness, and the growing of catch crops either of grain or 
pulses during the first few years of the plantation, though even 
these may not be always advisable. 

Seedlings for planting. — Cocoanut seedlings for planting are 
of two classes according to the age of the seedlings. They are 
either in the stage when the seednut remains entire and attached 
to the growing shoot or when they have passed this stage, the 
seednut has decayed away and the seedling has established itself 
on its own root system. In the first case the seedlings are 
about one year old and in the latter case they are older. If it is 
decided to plant the older seedlings, usually three-year old seed- 
lings are selected. When required for planting, these older 
seedlings are lifted from the nursery with the roots undisturbed 
and with the large ball of adhering earth in which the roots are 
growing. These are about 18 inches in diameter and for 
transport are protected by being wrapped in old gunnies or mats 
tied or stitched over them. The younger seedlings, i.e., those 
with seedling nuts are easy to transport, and are really preferred 
for this reason among others, especially where large numbers 
have to be taken out and planted. These seedlings are believed 
to make quicker growth and to be more certain ; the older 
seedlings mean a saving in time of about two years although in 
good soils the younger ones overtake them in growth. The 
younger seedlings have to be looked after more carefully especi- 
ally against white ant attacks and over-watering and decay of 
shoots, both of which lead to the death of the plants. The older 
seedlings have on the other hand to be guarded against the 
cocoanut beetle in addition. On the whole the advantage is on 
the side of planting young seedlings, which in addition cost only 
about a fourth (or even less) of the price of the older seedlings. 
The older seedlings are generally preferred for dry land culti- 
vation and the younger ones for irrigated cultivation, or in situa- 
tions of good rainfall and moisture. Seedlings are usually got 
out from tracts where the cocoanuts are not grown under irri- 
gation as the latter are believed to be less hardy than those 
grown under dry or semi-dry cultivation. It will also be 
necessary to make sure or have some guarantee that the seed- 
nuts were taken from gardens where the trees are heavy 
yielding and of good variety regarding size of the nut, yield of 
copra and so on and also from trees of proper age. The cocoanut 
is a cross-pollinated plant and trees cannot breed true to the 
parent ; nevertheless when the seednuts come from gardens 
where the bulk of the trees are of one type there is a greater 
chance of the trees proving to be similar to the parent 
type. 

Nurseries. — People who already own gardens and raise 
their own nursery for planting out and extension can attend to 
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all the important points in the selection of seednuts. Seednuts 
are to be taken from trees in their prime bearing stage, 
that is, exceeding thirty years and not from younger trees. It 
is believed that seednuts taken from younger trees take more 
years to come into bearing and that they are not very productive 
either. Seednuts are harvested from bunches which ripen after 
the main picking season which is the month of October is over, 
that is, from bunches harvested from December onwards. The 
selected bunches are allowed to remain on the trees until two or 
three of them begin to drop, when the whole bunch is harvested. 
The nuts are allowed to dry for about a month or two but not 
so dry as not to have any water in the nut. The cocoanuta 
should if shaken indicate that a little water is present. The ground 
for the nursery is well dug, roots and stems are removed, and 
the earth piled into the form of an elevated bed about 18 inches 
high, and 5 feet broad, and length according to the number 
of seednuts to be planted. If the number is large, then it will 
be well to make the bed in sections not exceeding about 25 feet 
in length. The top of the bed is well levelled and a lip or low 
bund formed all round. The seednuts are now planted in the 
bed, laid flat at distances of nine inches from each other and 
about an half an inch of the body showing above the level of the 
bed. The planting of the nursery is usually in the month of 
March or later on in August — September. The beds are watered 
regularly every three days and oftener if the soil looks dry. The 
bed is kept free from weeds. Erorn about the sixth month the 
shoots begin to appear and if the nuts are not uniform then the 
germination is delayed and irregular. Seednuts planted about 
the end of September showed for instance a germination of 
about 60 per cent towards the end of April and the remainder 
came up slowly in the subsequent months. Likewise nuts 
planted in August can be seen with shoots of quite a foot high 
about the end uf March jn some cases and in others with shoots 
only just showing above ground. It is believed that if the seed- 
nuts contain more than the correct quantity of water, that is, are 
not quite and properly ripe for seed purposes, the germination is 
delayed. In about three months more or in about nine to ten 
months after being sown, the seedlings grow sufficiently large 
to be planted in their permanent places as ' seednut ' seedlings. 
If they are not removed for this purpose then they are trans- 
planted to another seed bed w r here they are put in wide apart, to 
remain until they can be taken out for planting after two or three 
years as ' geppe' (the name given in Mysore to such seedlings). 
For this purpose another nursery is made, the soil being pre- 
pared in the same thorough manner, and beds formed suitable 
for watering. In these the young seedlings are planted at 
distances of three feet each way. The beds are kept suitably 
Watered, just enough to keep the soil moderately moist and 
never wet. 
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In some countries the seednuts are first made to germinate 
and then only put down in the nursery. Eor this purpose the 
seednuts are strung together in pairs and then laid astride 
branches of the jack or other tree near the dwelling house or 
on cross poles tied to uprights planted for the purpose. After 
germination they are taken out and put in the nurseries. By 
this method the nursery is filled completely and evenly with 
well sprouted plants and contains no blanks due to unsprouted 
or rotten nuts. The method is applicable only to tracts where 
there are frequent rains and the atmosphere always contains 
considerable moisture and not to inland tracts. 

After transplantation into the second nursery there is need 
for manuring, hoeing and weeding. A thin sprinkling of 
sulphate of ammonia followed by watering now and then will 
greatly stimulate growth. Organic manures like cattle manure 
or oilcakes are not suitable on account of their tendency to 
attract insects or breed beetle grubs of different sorts. A mixture 
of common salt and ashes is a manure greatly favoured all along 
the coast both for the nurseries and for the grown-up plants 
put out in the permanent places. 

Planting out. — Before planting the seedlings out in their 
permanent places, arrangements should be made for ensuring 
irrigation water, which will be necessary for watering the 
plants especially through the hot weather. If tanks and canals 
are not nearby, then wells should be dug and a supply of 
water assured. The ground intended for the cocoanut garden 
should now be prepared by clearing, levelling and the digging 
out of white ant nests if any are seen. The land should now 
be given two ploughings in the early rain and then the digging 
of the pits taken up. Pits are dug for putting in the plants 
about three feet square and two or three feet deep. The 
distances between the pits are very varied ;" in gardens 
under irrigation planting is very close, and often too close. 
The distance should be such that the fronds will not meet and 
interlace when the trees are full grown. The cocoanut plants 
are remarkable in the way they seek the light and bend away in 
order to clear any tree vegetation which shuts out the Light and 
they suffer as much from the shade or obstruction of a neigh- 
bouring cocoanut tree as from that of a tree of any other 
kind. 

A distance of about 24 feet each way may be considered to 
be the closest permissible. In the Mysore State large areas of 
cocoanuts are grown without irrigation ; the distance is about 33 
to 36 feet giving some forty trees to the acre, When it is 
remembered that the cocoanut fronds are from 18 to 22 
feet in length, it will be seen that even this distance does 
not err on the side of being too great or excessive. Some 
growers claim that even with 40 feet the garden can be managed 
so as to give even a larger yield of nuts per acre, but this is 
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very exceptional. The 33 feet distance will be found about the 
most suitable in many respects. In irrigated gardens where the 
ground is dug anmially instead of being ploughed and where the 
cultivation necessary for conserving soil moisture is not an equally 
important consideration, a smaller distance is usually adopted 
and about 50 trees are planted to the acre which will give a 
distance of about 30 feet between the trees. The abovemen- 
tioned number of trees per acre are for square planting, which is 
the style adopted. If however the triangular system is adopted 
a larger number can be planted for the same spacing. "For 
facility of cultivation with bullock implements however growers 
prefer the square planting system to the triangular. The pits 
are allowed to weather for a month or more and at planting 
time are filled with a mixture of sand and red earth in equal 
parts, the fully weathered eartb removed from the pits being 
also used for the purpose if it is all uniformly good red 
earth. Seedlings which eventually grow into strong and 
vigorous plants are those which have a larger girth at the 
base. These will have to be selected in the nursery in 
preference to lean and ' leggy ' ones. After the earth is 
allowed to settle for a few days, a shower of rain is very help- 
ful if there should be one at the time. The seedlings whether 
of the ' seednut ' kind or the older ones are transplanted into 
these pits, somewhat shallow so that the crown of the nut {i.e., 
the base of the plant) is not more than four inches below the 
level of the mouth of the pit. It is believed in Mysore that 
cocoanuts should not be planted deep. The experience in many 
other places is quite different and cocoanuts are generally advised 
to be planted with the base of the crown about 18" below ground, 
this depth being filled only gradually to ground level. This is 
probaL'y on account of the different type of soils of the coast 
where a deeper planting is found to lead to the best growth. 
The best season for planting is immediately after the heavy 
rains, that is to say, in the month of August. The older plants 
may however be set earlier in the year about the end of March. 
Protected by regular hand watering in the first month, they 
have the advantage of the whole of the rains of the two mon- 
soons and are sufficiently well grown to withstand the heavy 
rains without becoming damaged in any way. The young fronds 
are usually tied together loosely, either before or after planting, 
to protect them from being beaten about by the wind. A some- 
what noteworthy practice in Mysore is to tie up the fronds of 
the older type of seedlings in the fronds of the wild date tree in 
such a way that the date leaves completely encase it as in a 
sheath from the base of the plant to almost the top of the leaves. 
This is with a view to preventing the rhinoceros beetle from 
gaining entrance into the shoot. It cannot be said to what 
extent this acts as an effective check; the tying up certainly pro- 
tects the plants against the drying and mechanical action of the 
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wind, and also from injury when the interspaces are being 
ploughed close to the plants. 

Operations in the new plantations.— -The plants have to be 
regularly watered every day in the beginning and once in two 
or three days later on throughout the hot weather and in 
between the rains also if the soil should need it. The soil round 
the plants has to be frequently stirred, a close watch kept against 
white ants, rhinoceros beetle and cut-worms, which should be 
removed when the slightest trace is noticed. Stray cattle- and 
goats have also to be guarded against as the young plants cannot 
survive damage to the shoots. Thorns are piled againt the base of 
the plants, or the ' Euphorbia tirucalli ' is planted all round the 
plant, to keep away cattle, and in the case of the latter in the belief 
that itkeeps out the beetle. In the first few years of the plantation 
it is usual to raise a crop of ragi together with its mixed crop 'avare' 
in the interspaces, or pulse crops like green gram, or cow pea, etc. 
■Where plenty of water is available plantains are also grown in 
among the cocoanuts. The produce from these crops is sufficient 
to pay for the expenses of watering, watching and looking after 
the young cocoanut plants. As a matter of fact an arrangement 
is usually come to with smaller cultivators by which they under- 
, take to look after the cocoanut plants in return for the privilege 
of cultivating the land with ragi. They receive in addition a 
money payment at the end of seven years at the rate of about 
Ee. 1 to Es. 2 per plant according as the owner gets a share or not' 
of the produce of the grain crop. In the case of the plantain 
crop, it is believed to act in addition as a repellent of the cocoanut 
beetle, in the same way as the ' kalli ' hedge is believed to act.. 
In spite of all care, timely watering, etc., some plants die out 
chiefly due to the white ant pest and the rhinoceros beetle, and 
replacements should be promptly made. For this purpose the 
older type of seedlings is made use of instead of the seednut 
seedlings. 

The surface of the cocoanut garden is not allowed to cake 
up and harden, and immediately after the rainB cease from about 
the month of November onwards the garden is ploughed 
generally three or four times and again, after the rains of the 
following year begin from about the month of April, the garden 
is ploughed another three times at intervals depending upon the 
rains. In the case of the mixed gardens and gardens having 
irrigation facilities, they are given one digging in the year about 
the month of September or October. These operations result in 
the rains of the year not only soaking deep into the soil but also 
being largely retained there for the use of the trees without 
being lost by evaporation. The young plantation not only shares 
in the manure which is applied to the grain crop but is also 
directly manured with the haulms of the pulses being ploughed 
in and a certain amount of new earth and tank silt being carted 
to the base of the trees. 
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The Plantation in bearing.— The trees begin to bear flowers 
in about seven years from planting. This may be deemed some- 
what early for the average plantation. Bearing should be 
general about the tenth year, and delays thereafter should be 
put down to poor cultivation or set back due to other causes. 
The first inflorescences usually shed all their flowers and no nuts 
are borne, but subsequent ones begin to bear nuts. Prom about 
five years after the trees begin to bear, the trees are in full bear- 
ing. In about 12 to 15 years generally the trees must be 
yielding full crops. There is great variation in the number of 
bunches of nuts a tree may carry. The largest number at any 
time including spathss just opened out were 17 on the Mysore 
Government Farm at Babbur where several trees carried at the 
time 1* and 15 such bunches and inflorescences. One inflore- 
scence per month or twelve in the year is a good average and 
at leash ten are seen on even ordinary trees. Though the inflore- 
scences appear only successively they follow quickly one after the 
other in the months of February and March when some six or 
seven inflorescences may appear. From July onwards another 
set of inflorescences appear which are fewer and open at longer 
intervals. The number of inflorescences is no sure index of the 
number of nuts that may be gathered. Due to various causes 
partly seasonal and partly by way of recuperation after a heavy 
crop-year many young nuts (called ' buttons ' at this stage) drop 
away and only a few among the large number of tbe female 
flowers seen on a newly opened spathe remain even though they 
may have been fertilised and have commenced to swell. In good 
years however there is a strikingly large settiDg of fruits and 
the bunches bear a heavy crop. The number of nuts on a 
bunch is generally in inverse proportion to the size of the nuts 
which the tree bears ; they are small in number in the case of 
very large nnts and vice versa. On the Government Farm in 
Babbur the largest number picked in a year off a single tree was 
250 of average size nuts, but growers can point to individual 
specimens in their gardens known to produce over 300 nuts in 
the year. Such bearing is not unusual, and trees can be seen, 
especially about the dwelling houses and close to cattle stalls 
where they receive the sullage of tbe house and the washings 
from the cattle stalls, on which this number can be easily counted. 
These large yields demonstrate incidentally in an unmistakable 
manner the effect of manuring and watering on the yield. It 
has been found that the yield in any particular year is governed 
as far as rainfall is concerned, by the rainfall of that year and 
the rainfall of the preceeding year. It takes therefore fully 
two years before the effect of the favourable rainfall can be felt, 
and noticed on the crop yield. 

Harvesting and Copra making. — Cocoanuts begin to be 
harvested in about eight months after the female flowers are 
fertilised. Harvested at this stage they are available for sale as 
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husked cocoanuts for the numerous domestic, religious and cere- 
monial uses to which they are put in Indian households. At 
about the same stage too they are used for the preparation of the 
copra. For this purpose the husked nuts are broken in two and 
put out to dry in the sun, A little drying makes it possible for 
the meat or kernel inside to be detached from the shell by a 
little levering, and this is now put out to dry in the sun or when 
the season is rainy is dried under artificial heat, The husk at 
this stage is also in a fit condition for being used for coir making 
purposes. There is also another stage at which the nuts are 
harvested, somewhat on a large scale in the Mysore State, and 
that is at the dead ripe stage when the nuts begin to drop from 
the trees. The nuts are either picked as they drop from day to day, 
or the bunches harvested when such dropping begins, which is the 
indication that the nuts have become dead ripe. These cocoanuts 
are kept stored unhusked until they become quite dry and then 
are husked and broken. The meat or kernel inside is devoid 
of all water at this stage and lies separated from the hard shell 
and can be heard rolling inside like a pea in a pod, when it is 
shaken. When the nut is broken the kernel rolls out as a brown- 
skinned hollow ball. This is an article greatly in use in different 
forms of confectionery, and other edible purposes, especially in 
Upper India where it is greatly in demand. Mysore supplies 
this demand to a large extent. The cocoanuts harvested in the 
first method cannot be kept long and are to be husked and sold 
for quick use or are made into copra straight away. In the 
latter case the cocoanuts can be kept for a much longer time and 
can be husked for copra (of this special kind) more or less 
according to market prices. The husks at this stage become 
very hard and the fibres very coarse and lignified and cannot be 
used for coir making. They are used only as fuel. To a small 
extent cocoanuts are gathered somewhat at a younger stage when 
they are about four or five months old, for the sake of the liquid 
contained in them which forms a sweet and refreshing drink, 
and they are therefore largely in demand especially in the 
summer months. There is an impression that the tree suffers 
damage by such gathering of these green unripe nuts, a belief 
which is due probably to the fact that if the bunch is cut at the 
base at this stage there is considerable ' bleeding ' of the sap, 
which is likely to prove injurious. Plucking a cocoanut here and 
there in one or two of the bunches should not cause any such 
injury. Harvesting is not confined to any one of the above two 
methods in Mysore. Part is harvested for sale as busked nuts 
and part for making the special copra. It is customary, to har- 
vest for the sale of husked nuts about the months of September 
and October, and to reserve the later crop for harvesting for copra. 
The harvesting of cocoanuts is sometimes concentrated in two 
periods, one in the month of October and another about April 
and May, when all the bunches which are in a more or less fit 
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state to gather are cut although they may not all be in one and 
the same stage of ripeness. More generally however the practice 
is to harvest about six times in the year as the nuts ripen and 
become ready. If harvested regularly once a month as the nuts 
ripen the months of March, April, May and June between them 
will give about 50—60 per cent of the year's produce, the 
remainder being spread over the other months. 

Cocoanuts are gathered by pickers who climb the trees, test 
the fruits, cut the ripe bunches and then let them down along 
ropes or merely drop them to the ground. If the trees are not 
grown taller than about 25 feet or so, nuts are often gathered 
from the ground itself by the use of a long bamboo pole with a 
knife fastened at the end. If the bunches cannot be reached 
from the ground, then the. man stands on a cart or a step ladder 
to help him to reach the bunches with the pole. 

Yield.— The yield of cocoanuts per tree is a highly varying 
figure as already mentioned. There is variation not only from 
year to year in the same tree, but from tree to tree in the garden 
or estate in the same year. The variation in the performance of 
different trees is due in a large measure to the circumstance that 
the oocoanut is a cross-fertilised plant and seednuts give rise to 
trees which are not at all uniform. It is very seldom indeed 
that gardens are met with where even the bulk of the trees are 
uniformly high yielders. It is a great medley and the low 
yielders greatly bring down the average which the sight of a few 
good trees will make one anticipate. Average gardens can be 
reckoned to yield at the rate 60 nuts per year per tree, taking 
one year with another and all the trees in the garden the good, 
moderate and poor yielders together. An average of 70 — 80 
should be considered high and a 100 nuts are exceptional. 

For purposes of copra making however the number of nuts 
is only a partial indication of the performance of a tree or garden. 
Cocoanuts vary a great deal in the number of nuts that may be 
required to give a definite weight of copra (say a rnaund of 
25 lbs.). The. size of the husked nut, the thickness of the meat 
and probably its composition may all influence this number. In 
respect of the special copra of Mysore the variations among 
gardens (or varieties) is such that 1,000 nuts give copra all the 
way f rom 9 maunds up to 13 or even 14 rnaunds. Where estates 
therefore are worked only for copra, as in the case of the large 
plantations, it is really the yield of copra per acre that is of 
greater importance in judging the produce per acre. The outturn 
of copra depends also upon the age of the- trees, the older trees 
give more than the younger ones. Similarly gardens on some- 
what alkaline or salty laad are stated to give alow outturn of 
copra than the soils of the better type, the former being harvested 
therefore only for ordinary cocoanuts. 

Oocoanut ' To'ddy'.— Oocoanut gardens are also worked for the 
sake of oocoanut ' toddy ' — the fermented juice of the unopened 
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spathe of the cocoanut— either wholly or in part or for 
periods of two or three years as a change over from ordinary 
cropping for produce. This temporary change-over is considered 
beneficial to the yielding capacity of the garden in respect of 
nuts later on. Gardens which are thus tapped are usually very 
thickly planted and in most situations are regularly irrigated. 
The method of tapping involves much skill and judgment on 
the part of the tapper. Roughly, the method is as follows :— For 
the purpose of extracting the toddy the unopened spathes are 
first regularly beaten all over with a stick or the fiat of a 
knife once a day for three days, whereby the surface is made 
somewhat flaccid ; it is then wound over tightly with a 
palm leaf up to three quarter of its length from its base, and the 
free unwound portion is then cut off. A pot is now tied to this 
cut end for receiving the sap, the cut surface is bruised, scraped 
and sliced thinly every day and in a period oC a week or so, the 
sap begins to flow; twice everyday the contents of the pot are 
collected, at the same time the spent portion of the end of the 
spathe is sliced off and the pot tied again to receive the next 
flow ; the process is repeated every day till the whole spathe is 
worked over and finished. A spathe may yield np to 3 lbs. of sap 
per day as a maximum or 1'5 lbs. on an average. The quantity 
given by a single tree will vary with the number of inflorescences 
per year ; usually 12 spathes are reckoned for each tree as a good 
average, which wiU mean some 500 — '600 lbs. of sap per year 
from a tree. The sap may, instead of being fermented into 
'toddy', be made use of for preparing sugar or jaggery. 
The sucrose in the fresh untreated sap inverts rapidly on keeping 
and ferments into toddy; to prevent this inversion the pots into 
which the sap is received are smearea on the inside with fresh 
lime everyday before being tied to the spathe. In certain ex- 
periments in sugar making (in the Phillipines) it was found that 
the trees yielded from 300 to 400 litres per day (equivalent to 
700 — 900 lbs.) and the sap analysed 16*5 per cent of sucrose. 
The sweet unfermented sap is boiled down to jaggery in the 
same way as sugarcane juice is converted into jaggery. The 
cocoanut jaggery is light coloured and somewhat soft as ordinarily 
made, in contrast with ordinary sugar cane jaggery. 

Cultural Operations and Manuring.— The important opera- 
tion in a cocoanut garden— other than the regular irrigations in 
irrigated gardens— consists chiefly of the periodica! ploughings 
usually six in number referred to already. Sand, red earth and 
tank silt are carted every year and the ground round the base of 
the trees is dug out and then filled with new earth and sand. 
Cattle manure is also applied at the same time but in moderate 
doses, just enough to be scattered thinly over the new filled earth 
and worked in, The attack of the rhinoceros beetle is greatly feared 
and cattle manure which usually harbours them is not largely 
applied. Sheep manure is generally substituted and this is 
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secured by the penning of sheep which is somewhat general in 
many tracts. The penning is arranged for in the months of 
November and December, when the gardens are ploughed during 
and after the rains, Usually a thousand sheep are penned on 
the acre and this costs about Es. 5 in cash, no food or perquisites 
being provided to the shepherds. 

The growing of green manure crops for being ploughed in 
is an operation greatly to be recommended as most soils are ex- 
ceedingly poor in organic matter and as most cocoanut soils are 
sandy. Both on account of the enrichment in nitrogen which 
the growing of leguminous crops will bring about and of the 
improvement of the physical condition of the soils the practice is 
important, Quick growing crops like sannhemp or cowpeas will 
yield sufficient green material within sixty days, and can be 
ploughed in about the month of July ; the later rains will help 
to decompose the material thoroughly in the soil. SaDnhemp is 
grown regularly in some gardens, cut down and left to rot in the 
soil. The crop can be disced in if grown in large estates with 
disc harrows, which such estates can easily own. The only 
objection to this growing of a manurial crop in this way is the 
possible depletion of the soil moisture, which is a very important 
consideiation where cocoanuts are grown as a purely rain-fed crop 
in tracts of moderate rainfall. These crops are however to be 
grown in the early part of the year, and any reduction in the 
moisture content will be made up in the later rains ; as an addi- 
tional precaution against a reduction in soil moisture the green 
manure may be grown once in two years instead of every year. 

Concentrated manures like oilcakes, bonemeal, fish manure 
and artificials are used with great benefit especially where rain- 
fall is plentiful or irrigation available. The remarkable yield of 
cocoanuts from trees receiving the washing from the cattle stalls 
or the refuse from the household is a demonstration of the value 
of fertilising the trees liberally. 

Judged by the amount of the principal plant food ingredi- 
ents removed by the crop, the cocoanut should be considered an 
exhausting crop. The amounts of nitrogen, phosphoric acid and 
potash removed in the shape of unhusked cocoanuts by a tree 
bearing 128 nuts in the year is given by Sampson as follows ; — 
Nitrogen l ,( .)-3 lbs., Phosphoric acid 0'38 lbs., and potash 
1'37 lbs. Taking 60 nuts as an average yield per tree and 40 
trees as the number per acre, then the quantities removed per 
year from each acre will be 772 lbs. of nitrogen, 15'2 lbs. of 
phosphoric acid and 74'8 lbs. of potash. These quantities will 
be supplied by about '3 ewts. of sulphate of ammonia, about 75 
lbs. of ordinary superphosphate of lime and some 150 lbs. 
of sulphate of potash approximately. Though it is well-known 
that the quantities of the different plant foods removed by a 
crop do not bear any direct relationship to the response the crop 
will make to the application of these ingredients as manures, 
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still it is a basis which affords some guidance and these quanti- 
ties may therefore be applied to start with and modifications 
suitable to particular soils made as the result of actual experience. 

It is a common belief that cocoanut trees have to be manured 
every now and then with common salt. It cannot be stated to 
what extent this belief is correct, but the belief is wide-spread 
and salt is largely used. In Bombay, cocoanut growers were 
being supplied with salt at concession rates lor use as manure 
for cocoanut trees and for this purpose the salt was appropriately 
denatured to prevent improper use. In the coastal districts of 
Bombay, salt is used at the rate of 3 lbs., per tree. 

The manner of applying fertilisers in general practice is 
to work it into the soil within a radius of about four or five feet 
from the base of the trees. The digging round the trees neces- 
sitated for this purpose leads to some amount of root pruning 
and the formation of new roots and the manures applied in 
amoDg these roots stand a good chance of being absorbed to the 
immediate advantage of the trees. Although cocoanut roots travel 
far and the gardens are traversed by the roots throughout still 
there is always a crowding of roots near the bole of the trees, 
where the application of costly, manures should prove most 
economical. Sheep penning and the ploughing in of green 
manure which benefit the far off roots if adopted as supple- 
mentary practices should prove a very efficient combination. 

On the coast fish manure is often obtainable in large 
quantities and constitutes a cheap manure. They contain a 
certain amount of salt also. By itself fish manure is very much 
one sided. It contains (if it is not adulterated with sand) about 
4'5 to 5 per cent of nitrogen and a like quantity of phosphoric acid 
and if the quantities of the plant foods removed by the crop are 
any indication at all of their requirements then the fish manure 
can be used if prices are suitable as a substitute for the superphos- 
phate and-applied at the rate of 3 cwc?. per acre; this quantity 
will replace about 75 lbs. of the sulphate of ammonia in addition. 

The following manure mixtures 'which have been found 
suitable may be usefully given a trial: — 

(1) A mixture composed of 50 lb. of compost, 1 lb. of 
bonerneal, l lb. of concentrated superphosphate, 2 lb. of muriate 
of potash and 1 lb. of common salt, to be applied for each palm 
in bearing. For palms up to 5 years of sge one-third of the 
mixture and for palms up to 5 years of age one-third of this 
mixture and for palms up to bearing age, one-half of the same 
mixture may be applied. (Mysore Department of Agriculture.) 

(2) A mixture composed of 150 to 200 lb. of sulphate of 
ammonia, 250 to 350 lb. of bonemea! and 150 to 250 lb.of muriate of 
potash, to be applied per acre containing 50 trees (Jacob and Coyle). 

It rauist be noted that these mixtures should be applied 
when there is an abundance of moisture in the soil, from rain- 
fall or irrigation. 
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Botany and Varieties,— The cocoanut palrn — ' Gocos nucifera ' 
belongs to the natural order Palmaceas. It belongs to the 
pinnate-leaved group of palms. The stem is single and straight 
and somewhat swolhn at the base, especially when the tree is 
young but otherwise uniformly cylindrical about 10 to 12 inches' 
in diameter and marked by the scars of the fallen leaves. Very 
rarely (and certainly as a curiosity), the stem appears branched 
into two or more bub this is always the result of the crown being 
damaged by the rhinoceros beetle and a number of buds spring- 
ing, two or more of which grow into apparent branches. These 
are all usually rather dhnunitive although there is one tree in 
Mysore in which both the stems are grown of the normal size. 
The stem often gracefully slopes or bends which is the result of 
the tree attempting to grow away from adjacent trees which 
shut off the light. The stem may slant and then grow erect or 
turn about an obstruction and in these cases somewhat curious 
shapes result. The trees grow to a height of sixty feet and live 
to be a hundred years old. The roots spring from the short 
length of bole underground which in shape resembles' an 
inverted cone and extends to a depth of about four feet and is 
crowded around with the roots. The roots have a great lateral 
spread of even twenty feet but are lacking in depth, being not 
more than four or five feet deep. They are peculiar in being of 
a uniform thickness all through, with the exception of the young 
rootlets springing from these which are thin and fibrous. The 
stem will send out roots from the leaf scars if it is covered with 
earth and watered. This property is made use of in shifting 
full-grown trees and transplanting them in a different place and 
sometimes even in lowering the height by digging under the bole 
and letting the' tree sink slowly into it to the required level. 

The leaves are pinnate but in the young plants the leaves 
are joined together by their margins. Trees are come across in 
Which even the older trees have their leaves united together in 
this way but these are curiosities. The fronds in the full grown 
trees attain a length of 18 to 22 feet, they are erect at first and 
then open out and slant away, and droop when they are yellow and 
due to shed. A tree possesses some 25 to SO fronds at a time. 
The fronds are broad and swollen at the base where they are 
attached to the stem and possess strong web-like bracts which 
bind them very securely to the stem. According to the variety 
the leaves have a tendency to remain semi-upright and not to 
slope away giving the crown a somewhat compact appearance as 
against others in which the leaves slope away much and give the 
crown a somewhat open appearance.. In the first type as a 
result of this habit the bunches of cocoanuts are held more securely 
and do not drop. The tree comes into bearing in some seven 
years. The inflorescence appears in the axil of the leaves. The 
inflorescence is a spathe enclosing a much branched spadix, in 
the branches of which flowers are borne. The flowers are 






Some of the very yonng and lieuvily bearing cocoamu trees on tbe Bulibur Farm, 

Mysore State. [Mys. Agri. Dept. 



A joiuir' cocodiiut plantation. Note the way the plants are 
carefully tied Tip to ffimrcl against damage by the dry weather 
by knocking about aad also by the cocounut beetle. 

[Photo by Author. 
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A view oJ a cocoatiut garden. The well-ploughed 
surface, the lamb coops of sheep which are to he 
penned for manure, nnd the girdle-like guard Jov 
the stem for preventing thieves climbing up, iiiuy 
he noted. [Photo by An til or. 
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unisexual, and both kinds are borne on the same spadix. The 
female flowers are usually borne nearer the lower end of the 
branch and the male flowers higher up. The'raale flowers are 
the first to open, they remain open for several days during which 
they are freely visited by bees. These flowers then drop away 
and then the female flowers which are like thick buttons some- 
what like a flattish eone begin to be open and receptive to pollen 
which has thus to come only from other trees. Tbe trees 
are therefore completely cross-pollinated. After fertilisation the 
female flower begins to swell into the young mit, and develops a 
short pedicel by which it is attached to the branch of the spadix. 
In a certain rare variety which is a curiosity, the branch carries 
a large number of female flowers closely packed which develop 
into nuts with no pedicels but directly attached to the branch 
resembling a fruit bunch of the palm ' Borassus flabelliferus,' 
The fruit is a one- seeded drufe; the pericarp is the fibrous 
husk which varies a great deal in thickness according to variety. 
Inside the husk is the mesocarp formed by a hard black shell at 
the base of which are the three 'eyes' or depressions over which 
the shell covering is very thin and hrittle and through which the 
plumule of the germinating seed will eventually emerge. Below 
the eye within the shell and imbedded in the endosperm is the 
embryo. The endosperm which is the 'meat' of the cocoanut 
occupies the inside of the nut, lining the wall with a white firm 
and hard layer of material whose thickness varies from about one- 
third to one inch according to the variity. In the young nut the 
endosperm is soft and curd-like and becomes firmer as the nut 
ripens, Daring the whole of the developing period a sweetish 
sap fills the nut from which the developing 'meat' and other 
tissues derive part of the materials in their composition. In the 
ripe nut this sap or water becomes much reduced and finally as 
the nut dries it disappears completely. Tbe meat becomes also 
dry and highly oily. In some varieties the meat at this stage is 
quite soft and can be easily pressed between the finger and 
thumb. The fruit drops from the trees when ripe and after a 
period of rest of about six months begins to germinate. Ordi- 
narily there is only one embryo and so only one sprout emerges; 
but curiosities are seen in which there are two and sometimes 
three embryos, corresponding to the three 'eyes' and these 
'polyembryonic' nuts sprout with two or three stems springing 
from the ground. During the germination process the meat or 
endosperm gradually disappears being dissolved and absorbed by 
the growing embryo which swells greatly in size during this 
period. 

There are many varieties among the cocoanut trees ordinarily 
grown, Differences are seen firstly in the colour of the cocoanuts 
which are green, brown or dark brown. In each of these colour 
groups striking differences exist in the- size of the fruits, which 
may be distinguished as large, medium and small. The large 
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cocoanuts may be as much as three times the size of the small 
nuts. The bunches in such trees contain only a few cocoanuts 
some five or six, while in the medium and small varieties the 
number may go up to 20 and 40, respectively. The size of the 
cocoanut may not correspond to the size of the nut inside or of the 
thickness of the meat ; the latter may be larger and thicker in the 
medium and small varieties than inthe large sized cocoanuts. A 
tree which bears a large number of medium sized fruits per 
bunch is preferable to one which bears only a few and showy 
fruits per bunch. There are then differences in the shape of the 
fruits, they are longish and somewhat boat shaped in section and 
distinctly three cornered ; at the other extreme the shape is 
almost rounded with corners considerably smoothened out; in 
between these are intermediate types in which the stem end is 
broad and flatfish, the tip end somewhat pointed in some and 
somewhat the reverse in others. The thickness of the husk also 
differs in the varieties, some being very thick and others vary 
thin. This is of course related to the size of the nuts. In the 
extreme types of the first kind the nuts are very small, sometimes 
reduced into dimunitive ones, and in others to nothing at all, the 
fruit being one mass of fibre and nothing else. At the other 
extreme are nuts which occupy almost the whole of the fruit, the 
husk being reduced to such thinness that it will have to be almost 
peeled off or at any rate removed very carefully indeed to get at 
the nut without breaking it. Between these two extremes ail 
variations can be seen. A garden was once come across in which 
most of the cocoanuts were'blind' consisting of nothing but fibre 
or with dimunitive nuts of the kind used as little bottles or 
containers for 'kumkumam ' powder in some households. The 
husk in one variety is sweet and can be eaten. Differences also 
exist in the fibre content of the husk. Differences are seen again in 
the thickness of the meat which as already noted may very from 
one-third of an inch to one inch. The meat differs in hardness and 
in the oil content. Though hard and firm in most varieties, in the 
so called ' butter' cocoanuts it is soft even though quite dry. They 
differ in their oil content also and oilmongers often distinguish 
between the ordinary and the more oily ones. Varieties also 
differ in the sweetness of the water in the fruit, some are specially 
distinguished for this quality and are often much sought after; 
one such, called ' Gangapani ' in Mysore, is a green longish type 
of cocoanut which can be kept for many days and is gathered as a 
tender cocoanut for the sake of its sweet water. In addition to the 
range of colours mentioned above are the 'KiDg ' cocoanuts which 
are of a beautiful cream or very light orange colour, are almost 
round in shape and are esteemed for the sweetness of the water 
in them. Quite a different class from the ordinary cocoanuts are 
the dwarf and early bearing varieties sometimes called ' Nicobar ' 
or ' Island ' varieties. These begin to bear within three or four 
years even before the bole of the tree appears above ground, and 
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the fruits are borne so low that they can be reached by hand, 
Y/'hen they grow up the stems are seen to be smaller in diameter 
than in the ordinary cocoanut trees; in these also the same range 
of colours in the fruits can be seen. The fruits are however 
smaller and there .is a tendency to malformation and poor 
development in the nuts. Mention may also be made of a? variety 
called ' kapuno ' in the East Indies, in which the meat fills the 
whole cavity of the shell. 

The so-called the Double Cocoanut or Coco demer distinguished 
botanically as Lodoicea, Sechellartun, is a remarkable curiosity. 
The palm is a native of the Seychelle Islands and yields a fruit 
resembling two large coconnuts joined together. The tree is 
extraordinary in its slowness of development. The seed nnfc 
according to the experience on the Peradeniya Gardens in Ceylon 
takes 2 J years to sprout; from pollination to the ripening of the 
fruit on the tree it takes nine to ten years. Trees nearly a 
hundred years old are still to be considered hardly full grown. 

Insect pests of the Coooanut Tree. — The moat serious insect 
pest of the cocoanut tree is the ' rhinoceros beetle ' — Orystes 
rhinoceros. The attack is most serious when the trees are 
young, at which stage great care has to be taken to keep off the 
attack or at least to prevent it from damaging the plant. The beetle 
breeds in manure heaps, under trash and decaying vegetation of 
all kinds. The eggs are laid in these situations where the larva 
develop and later pupate. The adutt is a black strongly built 
powerful beetle with a stout blunt horn on its head, from which 
its name the ' rhinoceros' beetle. It attacks not only the cocoanut 
palm but also the date palm and the various agaves. Eggs are 
laid in manure, in decaying stumpsof cocoanut and date trees and 
other vegetable debris. The larvas are the large stout whitish 
grubs found commonly in manure pits where they develop and 
pupate in the soil at the bottom of the pits and on the sides at a 
depth of 6 to 9 inches. Insects are found in all stages of 
development but a large emergence of the beetles takes place 
with the beginning of the rains in the month of June. They 
hide during the day and fly at night and if cocoanut plants are 
near about, the beetles settle on them and gnaw their way into 
the base of the shoot through and between the shoot and the 
bottom of the nearest leaf. Once inside the shoot, it cuts and 
eats away the shoot at this point and goes deeper into the shoot 
until the shoot is completely cut off and begins to dry. In such 
a case the plant altogether dies or tries to throw out another 
shoot which may grow into a twisted mis-shapen crown, If the 
presence of the beetle is discovered within a day or two of its 
entry into the plant and it is removed then the shoot survives, 
though when it grows and opens it may bear signs of the beetle 
attacks in the shape of a portion of the leaflets neatly cut off. 
Large grown up trees usually shake off the attack without any 
permanent injury except the cut across the leaflets but if the 
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attack is frequent, even such trees may be killed out or survive 
with curious mis-shapen crowns and for all practical purposes as 
useless trees. As many as five or six beetles may bore into one 
and the same tree and the trees may he attacked again and again. 
It is in the young plants and young bearing trees that the attack 
has very serious consequences. 

There are many methods popularly believed to be effective in 
warding off the attack which are mostly in the nature of nostrums, 
The planting of the ' Euphorbia tiruculli ' around the young 
plants, the tying of thorns round the base or of a sheath of wild 
date leaves tightly from the bottom to almost the top, the putting in 
of sand, and of salt in between the bases of the leaf stalks, the 
planting of plantains close to the cocoanut plants, burying the 
leaves of the mix vomica tree in the soil under the plants and grown 
up trees, manuring with the oilcake of the seed ' Hydnocarpus 
wightiana' and the use of fermenting oilcakes as traps are among 
the remedies which are supposed to keep out the beetle. Perhaps 
to some extent each of these has some effect. Bordeaux mixture 
sprayed over the leaf bases has been tried and found to be a good 
repellent, but the growth is so rapid that bare places are quickly 
exposed where the beetle can lodge. The only effective remedy 
is however to keep a close and daily watch on the plants, look for 
the signs of the beetle attacks, and where found, to probe into 
the bole through which the beetle gained entry and pull out the 
beetles. The entry of the beetle is made out by the slight 
quantity of grass which can be noticed at the hole and which is 
thrown out by the beetle. A stout iron wire of the size of an 
umbrella rib, one end of which is sharpened to a needle point 
with a slight cut like a barb is used for this purpose. The 
needle point is pushed carefully into the hole and pressed home, 
and then withdrawn. The beetle is thereby pinned through 
and is drawn out securely impaled on the barb end. All attacked 
trees are worked in this manner and the beetles removed and 
killed. The garden has to be gone over every day for this 
purpose. The attack is severe in some months and less so in other 
months. A count kept in a certain garden in the Kolar District 
of Mysore in which the attack was serious disclosed the 
following intensity in the different months: — The heaviest attack 
was in the period from the end of March to the middle of June, 
when the daily catch varied from 16 to 25 beetles. The next in 
intensity was the period from the middle of June to the middle 
of October with a daily catch of from 12 to 20 beetles. Prom 
then onwards the attacks declined up to the following March, 
the daily catch varying from 1 to 8. The number of trees in 
this garden was 1,000. The pouring of sand in between the base 
of the fronds and the centre of the tree and keeping it filled with 
sand has been found effective in certain tracts in Coimbafcore. 

Another method is to arrange for a sort of a trap. Trash 
heaps, rotten cocoanut logs, and cattle manure pits make very good 
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traps. The beetles resort to these situations for egg laying and 
breeding and by a periodical inspection of the heaps both larvas 
and pupaa can be destroyed as they are found. If the beetles are 
not thus destroyed in their breeding places, trees are repeatedly 
attacked and even if the holes made at first are plugged with sand 
and salt or with the oilcake of the Hydnocarpus they cut their 
way through the plug to get into the shoot. Another trap which 
is also somewhat effective is to have pots here and there in the 
garden with a little castor oilcake or ground nut oilcake at the 
bottom, powdered and moistened with water. Beetles are 
attracted to this material and drop into the pot from which they 
do not climb out. They can be inspected every morning and 
destroyed. 

Another very destructive beetle is the ' red weevil ' — 
Bhijnclwphorus ferrugineus, which though rare does more 
serious damage where it is found. This beetle gains entrance 
iDto the tree top through the holes made by the rhinoceros 
beetle and unlike the latter breeds therein. The grubs gnaw 
deep into the crown going some 15 inches deep and this damage 
both by larvse and beetles proves fatal to the trees. It is 
necessary that the holes made by the rhinoceros beetle should be 
closed with sand so as to avoid the red beetle from gaining 
entrance into the trees. Climbers who go up the trees to gather 
nuts should at the same time clean the trees of the old dried 
spathes, hook out beetles if any, and plug up the holes and also 
remove birds, nest~, squirrels ' nests and so on, so as to keep the 
crown free from both vermin and rubbish. 

Cocoanut seedlings and young plants are subject to attacks 
by the mealy bugs {Pseudococcits spp) and scale insects 
(Aspidiotus destructor, S,). These infest the base of the shoct 
and of the adjoining leaves extending deep down into the 
clusters of leaves. The leaves become yellow and begin to dry 
when the attack is bad. If these are not removed promptly they 
multiply and retard the growth of the fihoot, weakening it even 
to shrivelling point, The pests are easily got at and can be rubbed 
by the hand, and in the interstices, with a blunt rod. Among 
leaf-eating insects are the slug caterpillars of two or. three 
species, but these are eeldom serious pests. A leaf-eating cater- 
pillar which has become a serious pest in recent years especially 
on the West coast is the ' Nephantis sarinopa, M. ' The cater- 
pillar lives on the underside of the leaves and eats up the green 
matter of the leaves. Leaves dry up and the tree is weakened, 
and the yield is also reduced. The pest often attacks many 
fronds, and in many trees and becomes a serious one. It is to 
some extent kept under control by natural enemies. The cutting 
and burning of the attacked leaves is the only satisfactory 
remedy which should be carried out as soon as the pest is noticed. 

The white ant is another serious pest of the young plants 
and if not noticed promptly and attended to, may kill the plant 
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altogether. In addition to the removal of the white ants' nests 
from and about the garden it should be seen that no dry sticks 
or leaves gather near the seedling. A stick is sometimes planted 
close to the plant to which it is tied to prevent the young plant 
from being much shaken by the wind. This dry stick is very 
soon attacked by the white ants which then attack any drying 
or weak tissues of the cocoanut plant itself. Such dry sticks 
should be removed or heavily tarred and then put in. Insuffi- 
cient watering is often the cause of the drying or the poor 
condition of the plants, which has therefore to be remedied. In 
any case the plants should be frequently inspected and the plants 
freed from the ants then and there lest it cause serious injury. 

Bats cause considerable damage to young cocoamits many 
of which drop away as a result. They build their nests on the 
trees and as the leaves of the trees -are very close together they 
are able to travel from tree to tree and practically live on the tree 
tops without coming down at all. These nests have to be 
pulled out and removed when climbers go up, but on the 
younger estates where the nuts are gathered from the ground 
itself the' rats are never disturbed and are a source of perma- 
nent trouble. Monkeys cause serious damage in many gardens 
and commit so much havoc and are so difficult to keep away that 
cocoanut planting is not popular in these tracts. In order to 
prevent rats, monkeys and other animals from climbing up, a 
fairly efficient method is to tie a bunch of the leaves of the wild 
date palm all round the stem like a skirt with the spiny ends of 
the leaflets pointing downwards. This contrivance is tied up on 
the trunk about twelve or fifteen feet from the ground and 
covers about two feet length of stem. This acts as an effective 
barrier against these climbing enemies and if periodically 
renewed is able to protect the tree permanently. Another 
method is to nail a sheet of tin (a kerosine tin with the bottom 
removed, cut and opened flat) round the stem about fifteen feet * 
from the ground like a tight fitting collar. The smooth surface 
of the tin does not afford a foothold to rats and squirrels which 
are therefore kept out. In both cases soon after these are put 
up climbers should go up tbe trees and remove the nests and 
chase down the rats. 

Diseases of the cocoanut- tree. — A common disease of the 
cocoanut tree is the ' stem bleeding ' disease, which is due to the 
attack of a fungus, ' Thielaviopsis paradoxa.' The stem of 
affected trees shows dry and somewhat sunken patches with 
many cracks in the surface with minute holes here and there 
through which a brown fluid exudes. The trees continue to 
grow for a long time in spite of the disease though they are 
gradually weakened and the crowns lose their healthy appearance 
and the yield is greatly reduced. The trees eventually dry up 
and die. The disease attacks fully grown up bearing trees and 
old trees. A favourite local remedy consists in drilling a hole in 
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the bole of the tree and letting out the sap ; this does not how- 
ever stop the progress of the disease. Another remedy which ia 
more effective consists in chopping off slices from the patches 
on the stem which show the disease, singeing the raw surface 
thus exposed and then applying tar over it. 

The 'budrot' disease (Phytophthora) is one of the most 
dangerous of cocoamit diseases. It is the same as the 'budrot* 
disease attacking the fanleaved palm, Borassis flabelliferus, 
among which it has been found to spread in a virulent form kill- 
ing out large stretches. The cocoanut is only rarely attacked, but 
when it is attacked it is fatal. The leaves begin to drop and 
eventually the bud is also attacked, resulting in a rotting of the 
bud which means the death of the tree. No remedial measures 
are known, but attacked trees have to be cut down and burnt to 
prevent the infection from spreading further. 

The cocoanuttree is also subject to a 'leaf spot' disease — 'Pesto- 
lozaia palmivormn. Small brown oval spots with a brown 
centre and grey margins form on the leaves, increase in number, 
widen and coelesce as the disease progresses and the leaflets 
gradually dry up. The disease attacks even plants in the nursery. 
It can however be controlled by spraying with Bordeaux mixture 
of ordinary strength. In some cases following damage by this 
disease, there is an attack by the fungus disease, ' Botriodiploclia 
Sj)'. This gains entry through wounds or broken surfaces and 
causes the leaf to break and hang down. The remedial measure 
consists in cutting down diseased leaves with at least eight 
inches of the healthy portion included and burning it in the 
spot. 

The uses of cocoanut, — The cocoanut is used for two important 
purposes, viz., for use as an edible product and for the prepara- 
tion of the oil. As an edible product it enters into the numerous 
Indian dishes for many of which it is indispensable: in fact 
there is hardly an Indian dish which it does not improve. It in 
an article which is consumed practically every day in even the 
poorest households. It is the ordinary ripe cocoanut which ia 
used for this purpose generally but the dry copra (dried in the 
husk) is also used. 

It is however as a source of oil that it finds its commercial 
and industrial use. For the preparation of the oil the ripe 
cocoanut meat is dried and made into copra. The copra is milled 
in the ordinary rotary oil mills of wood or iron or on industrial 
scale in modern milling machinery. Industrially the oil is used 
for the making of margarine and for the manufacture of soaps. 
In soap making cocoanut oil is used for producing hard soaps and 
these soaps can be used in hard waters and even in sea water. 
In India and other countries of production the oil is used as a 
cooking oil, for anointing the head and body, as an emollient and 
as a lamp oil. Cocoanut oil easily becomes rancid, owing to the 
oxidation of the free acids present in it. The same rancidity 
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takes place even in dry copra after sometime. Cocoanut oil 
solidifies at temperatures of 60° to 65° J?, and therefore 
remains as a solid in the cold weather even in the plains. 

The chemical and physical constants of the oil are as below : — 
Specific gravity 0'926, Eefractive index 1'439 to 1'443, Saponifi- 
cation number 246 to 260, Iodine number 8 to 10, Eeichert 
Miessel number (V6 to 8"4 and melting poinb 22 to 27° C. 

The oil content of commercial copra is about 50 per cent. 

Cocoanuts are exported principally as copra, and to a compara- 
tively small extent as fresh nuts, i.e., in the shell. The copra 
for export has to be prepared carefully, so that it may keep in a 
good condition during the long interval between its preparation 
and its use by the manufacturer and especially under the condi- 
tions of long ocean transport and may possess an attractive 
colour, shape, size and flavour. Large halves which retain to a 
large extent their shape without any buckling or shrinking, with 
also the original white colour maintained as far as possible, with 
no smell or sign of mouldiness or rancidity are favoured and the 
best are sold at a high premium. The oil content of the copra 
is also an important factor, though at the sales this is taken for 
granted. The oil content in the meat is at its highest only 
when the nut is old enough to drop of its own accord from the 
trees and this is the stage therefore when the fruits have to be 
gathered for purposes of copra making. After the nuts are 
broken, the halves with the shell are put out to dry in the sun 
on carefully prepared floors protected from the wind, against 
dust and also against the ubiquitous crow. After a few days the 
meat shrinks a little and can then be easily levered out of the 
shell without breaking. These cup-like halves of the meat are 
again dried in the sun to remove moisture further and in about 
seven days of good sun the copra is ready. As far as possible 
the picking of the nuts during the monsoons for copra making 
is avoided, but this cannot always be managed and eveu at other 
seasons rainy weather prevents sun-drying. Artificial drying is 
either over smoke fires under shelter or in specially constructed 
driers. In the former there is a considerable blackening of the 
nuts and the smell of the smoke also which greatly detract from 
the value of the copra. The drying is greatly hastened being 
oftfm only a question of some hours as against the several days 
required for sun drying. Copra intended for use by the confec- 
tionery trader is specially dried with special care and packed. 
A good deal of copra goes in the form of sliced pieces as dessicated 
cocoanut and as shredded cocoanut which is used in the making 
of biscuits, confectionery and for other edible purposes almost 
exclusively. 

Coir. — Cocoanuts furnish another important commercial 
product, vie., coir. In fact the cocoanut may be regarded as 
a fibre yielding crop quite as much as an oil yielding crop. It 
will not be inappropriate to regard the cocoanut as a food crop, 
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as a fibre crop, and as an oil seed. The fibre of ths cocoanut, 
called coir, is largely made use of for cordage of all Muds and 
especially in .ships and all kinds of sailing craft. The fibre is 
specially suited for this purpose, as it does not decay or perish by 
use in salt water, as compared with the other important 
cordage fibres like Manila hemp, jute, etc. The fibre is aslo 
made use of for a number of other articles like coir mats, foot 
rugs, both plain and in various coloured designs, brushes, bags 
and as stuffing for sofas, carriage seats, mattresses and so on. 

Coir is the fibre of which the cocoanut husk is largely made 
up. Fibre of the best kind can be obtained from the husks of 
cocoanuts which are not very ripe. At the stage of ripeness 
when the cocoanut drops from the tree which is the best as 
regards oil content, the husks are a little over-ripe for making 
coir of the highest quality, If the nut passes even this stage 
and begins to dry and the kernel to lose all its water then the 
fibre becomes very coarse and very dark brown and is fit only 
for very low grade cordage. A.t this stage the extraction of the 
fibre also becomes very difficult. For the separation of the fibre 
from the husk, the fibres have to be freed from the tongh and 
closely adhering tissue in which it is embedded and for this 
purpose the husks are kept under water or rettf d, when the latter 
elements rot and loosen making the extraction of the clean fibre 
easy. The husks remain in the water, in special situations in the 
margin of the lagoons or back waters on the coast where the 
water is somewhat salty and are protected by means of suitable 
enclosures for a period of eight months or even one year. ' The 
retting is done in fresh water also and in this case the period is 
only six months. They are then taken out and the fibres are 
disentangled by beating the husks with heavy malletp. and clubs. 
The fibre is well washed to free it from adhering pith and dried 
and put through some rough carding before sale. The outturn 
of marketable fibre is estimated in Ceylon at approximately 
15 lbs. per 100 cocoanuts, and the total outturn of both bristle 
and mattress fibre about 20 lbs. Several processes have been 
patented with the object of avoiding this tedious process of 
retting. The period required is reduced to a few hours and the 
processes are applicable even to the fibre of ripe nuts. In one 
process the husks are crushed and treated with a mixture of 
lime or sodium carbonate containing a trace of aluminium 
sulphate at steam pressure for one to two hours. Nevertheless 
the time-honoured retting method still holds the field. 

The various parts of the cocoanut tree are used for a 
variety of purposes too numerous to mention especially in the 
countries of production. For example, the trunk of the tree 
furnishes good building timber, especially for rafters, beams and 
pillars and the half sections when scooped out are made use of as 
flumes and gutters for carrying water ; the fronds are plaited 
into mats and made use of for roofing for huts and dwelling 
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houses, as screen walls both indoors and outside and for making 
baskets and as umbrella tops; the midribs of the leaflets are 
used for making brooms, bird cages and fishing traps ; tbe fronds 
divested of the leaves are excellent fencing material for gardens ; 
the web like sheaths or bracts at the base of the leaves are used 
as sieves , the cottony tow adhering to the leaf sheatbs form a 
good absorbent for applying to wounds; the sheath of the spathe 
is used as a receptacle for various articles and tied up like a 
hanging shelf ; the base of the spathe is cut into short lengths 
and with one end beaten into a brush is used as a coarse brush 
for white- washing and painting ; the branches of the inflorescence 
are used as tooth brushes ; the husks afe used as brushes ; the 
under-sized nuts especially the dimunitive ones are used as 
bottles after removing the meat by scooping or rotting ; the 
larger nuts too are used likewise for the keeping of oil and with 
elaborate workmanship are converted 'into ornamental vases; 
the two halves of the shells of the split cocoanut are used as ladles 
and drinking cups ; the shells make excellent absorbent charcoal 
and are generally in demand for use in gas masks to keep off the 
poisonous gases used in gas-warfare. Reference has already 
been made to the sweet drinks, the sugar, the 'toddy', ropes of 
all kinds and articles made from it and to the oil and its uses. 

The pithy tissues in which the fibre is embedded in the husk 
forms about 70 per cent of the weight of the husk and is a bye 
product for which no proper use has been found. It has been 
suggested that it can be used as a substitute for cork dust in 
packing and for being compressed into cork mats ; it forms very 
good mulching material. 

Cocoanut husks yield when burnt, an ash which is very rich 
in potash (85 per cent). The husks from 1,000 nuts will yield 
from 10 to 15 lbs. of potash. 

The oilcake left after the oil has been extracted from the 
copra is an excellent cattle food. It is also a human food and is 
largely eaten mixed with jaggory especially by poor people. 
It has however to be fresh as it becomes rancid if it is kept for 
any length of time. Cocoanut oilcake has approximately the 
following composition : — Proteids 20'6 per cent, Fat 13'2 per 
cent, Carbohydrates 37" 5 per cent, Crude fibre 14*2 per cent. 

Prodticiion and Trade. — The total area under cocoanuts in 
India (including the States) is about 1,500,000 acres. More than 
one third of this area lies in the State of Travancore, the area 
in Madras is about 580,000 acres, in Bombay about 27,000 acres, 
in Mysore about 175,000 acres and in Bengal about 
13,000 acres. 

The foreign trade in cocoanuts and cocoanut products in 
India is very large. Copra is largely imported from abroad notably 
from Ceylon. The annual imports (1937-38) amounted to 
49,383 tons valued at Es. 95£ lakhs (in round figures) while the 
export amounted in the same year to 132 tons. Likewise India 
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is an importing country in regard to cocoanut oil. In the year 
1937-38, the imports were 6,791,452 gallons of oil against 
79,513 gallons of exports, the nett imports therefore amounted 
to 6,711,939 gallons of the value of about Rs. 77 lakhs. On the 
other hand, India is a very large exporting country in regard to 
coir, both raw and manufactured, and these amounted to 117 tons 
and 746,022 tons, respectively, in the year 1937-38. There is 
also considerable export of cocoanut oilcake, which in the same 
year amounted to 7,898 tons valued at Rs. 5| lakhs. The 
Mysore State exports large quantities of both cocoanuts and 
copra; in 1937-38, the export of cocoanuts amounted to 
Es. 9 lakhs in value and that of copra was about, 12,900 tons 
valued at about Rs. 40| lakhs. Small quantities are also 
imported, which do not amount to more than Rs. 1$ lakhs in 
value. 

V. LINSEED. 

Veenaculak names pok LINSEED : — Samiada—AGASI, Alasi ; 
Tamil — Alivibai ; Telugu — AVISI ; Hiiidusta?ii~Ai,sl. 

The linseed plant (Linum usitatissimum) furnishes two very 
important products, viz., an oilseed yielding the well-known 
linseed oih and flax, the famous linen fibre. The crop has a 
very wide distribution both in the tropical countries and in the 
temperate and colder zones. It is ,howeveiy only in the latter, 
that is, the cold countries that the crop produces high grade 
fibre and is therefore cultivated extensively for this purpose. 
1 hough in the temperate and sub-tropical countries the crop can 
be grown for its fibre as has been demonstrated in many parts 
of Northern India, the quality cannot compare with that pro- 
duced in Europe and other cold countries. It is accordingly as 
a source of the oilseed that the crop is extensively cultivated 
both in India and the countries similarly situated. The Indian 
production of linseed is very large and the exports from India 
form a large portion of the quantity imported into Europe. The 
most important country other than India which produces and 
exports linseed is Argentine. In many parts of the world, 
notably Russia, the crop is the source of both fibre and of the 
seed and the Russian production of seed is one of the largest in 
the world. The crop is grown for the sake of fibre largely in 
Ireland and in Belgium in addition to Russia and the flax pro- 
duced in the former two countries has the highest reputation for 
quality. 

Climate, altitude. — The linseed crop is one generally confined 
to sea level or low elevations and the plains, as distinct from 
hilly tracts. As a seed crop it can be grown in higher altitudes 
also, as for example, in the Mysore plateau with its elevation of 
about 2,500 feet. Even as a fibre crop it has been grown 
successfully at this elevation. 
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The crop is one suited to tracts of low rainfall. It cannot 
stand much rain in the growing period and is quite unsuited to 
the Malnad. Most of the crop grown in India is raised after the 
rainy season is over, the water requirements of the crop being 
met from the moisture stored up in the heavy black cotton 
soils on which alone it is principally grown, or in the case of the 
lighter soils by a moderate irrigation. The growing season of 
the crop extends from about the month of September -October 
to February- March. It is seldom grown as a rainy season crop, 
whether it be in the early or the late monsoon. 

Soils. — The soils on which linseed is grown largely are the 
black cotton soils, with their characteristic high clay and lime 
content. The largest area under the crop is in the Centra] 
Provinces and Berar where it is grown on an area of about 1 J 
million acres and nearly the whole of this area comprises the 
black cotton soil type. In Bombay and Madras also the crop is 
confined practically to this type of soils. Linseed is however 
grown on the light alluvial soils of Upper India as in Bengal, 
Bihar and the United Provinces, but even here the more clayey 
soils are preferred. 

notations.— Linseed is grown either as the single crop of 
the year or is preceded by one of the early season crops usual on 
the black cotton soils, such as black or greengram, coriander, 
short season groundnuts, etc., which are all harvested and removed 
by the end of August and leave the ground free for being 
prepared and sown with the later season crops like Bengal gram, 
wheat, linseed, 'bilijola' and the like. More generally however 
the linseed forms, together with its mixed crop, the only crop of 
the year, the ground being kept fallow and under preparation 
for this crop during the whole of the early season. When 
grown as the single crop of the year, it follows a crop of 'bilijola', 
wheat or Bengal gram, grown in the previous year in the 
rotation. 

Linseed is grown both as a pure crop and as a mixed crop. 
When grown as a mixed crop it is grown in strips of six or nine 
rows alternating with a like width of wheat, 'bilijola' or Bengal- 
gram. Linseed is also grown as a margin crop around fields of 
wheat or Bengal gram, in strips as wide as may be desired all 
round the field, instead of in regular alternating strips common 
in mixed crop sowing. 

Cultivation. — The preparation of the field for linseed on 
black cotton soils consists only in working it with a bladed 
harrow several times both to stir up the soil and to renlove the 
stubble of the early season crop, in case two crops are raised in 
the year, The field is worked thoroughly in this manner during 
the months of July to September, or only for a short period in 
September-October if linseed follows a first crop. The sowing 
is in the month of October, when the heavy rains have practi- 
cally ceased and the soil is sufficiently moist. Seeds are sown 
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in seed-drills in rows 9" apart ; about 10 lb. of seed are 
required per acre. The seeds are sometimes mixed with ashes 
and powdered cattle manure in order to make the sowing even 
and thin. The seeds are covered by a light harrow. The seeds 
sprout in five days. Intercultivation to remove weeds and for 
earthing up is given after three weeks, more for the sake of the 
mixed crop than of the linseed crop which when grown 
pure is not earthed up. In the month of January the field is in 
full flower and the mass of delicate blue, mauve and white 
flowers with which the fields appear covered form a character- 
istic feature of the tracts of linseed cultivation in this season of 
the year. The crop ripens and is ready for harvest in February, 
which may go on in March also. The seeds have a tendency to 
shed easily, the plants are therefore pulled out when the capsules 
are just ripe and begin to open. Harvesting is both by pulling 
out the plants and hy cutting them at the base, the former being 
however more usual. The plants are stacked on the threshing 
floor until they are dry and most of the capsules open. They 
are then spread out and beaten with sticks to thresh out the 
seeds completely, and the dry stems are shaken out and removed. 
The seeds are winnowed to free them from bits of leaves and 
stems and are further cleaned from adhering earth and fine 
gravel by being put through suitable sieves. 

Yields, — A. good crop of linseed yields from 400 to 500 lb. 
of seeds per acre. The crop is delicate and due to disease and the 
non-setting of seed, etc., the yields are often much below normal. 
On the alluvial soils of Upper India, very much higher yields are 
obtained than on the black cotton soils under dry cultivation. 
Yields as high as 10 cwts, per acre are obtaiued on those soils, 
The stems (or straw) are generally used only as fuel or thrown 
on the manure heap, although some amount of coarse fibre can 
be extracted even from such over ripe and somewhat coarse stems. 

Linseed for fibre. — The second use to which the linseed crop 
is put is for the fibre, flax. Though it is believed that under 
Indian conditions linseed cannot be grown so as to give a suffici- 
ently satisfactory yield per acre of flax of good quality and the 
crop has not been cultivated to any extent for the sake of its 
fibre, experiments conducted in the past and in recent years 
have demonstrated the possibility of the profitable cultivation of 
linseed for fibre. Some of the earliest trials were in the United 
Provinces. Seeds of both English and Japanese linseed were 
cultivated and surprisingly high yields of linseed straw (stems 
for fibre extraction) were obtained. The English seed yielded 
at the rate of about 2,500 lb. of straw per acre together with 
450 lb. of seed. The Japanese seed yielded at the rate of nearly 
1J tons of straw and some £00 lb." of seed per acre, : It was also 
found that the straw of the English seed yielded fibre at the rate of 
17 per cent on the weight of the straw which is considered a 
very high outturn, 
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In the method of cultivation, the chief difference between 
the seed crop aud the fibre crop lies in the seed rate, which in 
the case of the fibre crop is ten times as much as for the seed 
crop. The plants are thus made to come up very thick, to grow 
erect and without any branching. The seed rate is from 80 to 
120 lb. per acre. It is also believed that for obtaining high 
e;rade fibre, seed will have to be got out from England, Belgium 
or Japan once in three or four years, if not every year, although 
there have been no experiments which could decide this point. 
The high seed rate and the need for importing seed both make 
the seed a costly item in the cultivation of the fibre crop. For 
fibre, the crop is harvested a little earlier than it would be for 
the seed crop. The seeds mature a good deal in the stack, so 
that both fibre and seed are obtained. Though the seeds are 
somewhat inferior, about the same yield of about 400 lb. per 
acre is obtained. After the seeds are threshed out the straw is 
taken up for the extraction of fibre. This consists- in x - etting 
the straw tied up in bundles in fresh water. The retting is 
allowed to proceed for 3 to 4 days, after which the bundles are 
taken out, beaten and washed to remove all woody tissue and 
extraneous matter and dried. Alternatively, the retted stalks can 
be passed through a set of rollers as in a small sugarcane mill, 
the pith well broken thereby, and then combed out to free the 
clean fibre. Unlike the aloe, sunnhemp and other fibres, the 
linseed fibre is short and seldom exceeds 2', 1$' or even 
less being the average. The fibre is however very strong 
and can be woven into many kinds of textiles, both by 
itself and in mixtures. The fibre crop has recently been 
grown successfully on the red loamy soils of the Irwin Canal 
Farm in Mysore under irrigation. 

Botany and varieties. — The linseed plant belongs to the 
order ' Lineae ' or the Flax family, which comprises mostly' herbs 
and shrubs. The linseed plant is an erect annual with a broomlike 
stem which grows to a height of 1J' to 4' and branches 
more or less according as it is sown thin or thick. The leaves 
are alternate, simple and entire, lanceolate in shape with a bluish 
bloom over the surface. The plants have a deep and extensive 
root system when they grow on the black cotton soils but in the 
Gangetic alluvium the root system is shallow. These differences 
correspond to differences in the growth of the above ground parts 
of the plant and in the yield and size of the seeds to such an 
extent that they may be regarded as cultivated races. 
The deep rooting varieties give seeds which are somewhat 
larger in size than the seeds of the shallow rooted varieties. 
The plants bear small disc-like flowers which are blue, bluish 
violet or white and very showy in the mas's and are borne 
at the ends of the branches. The flowers are. mostly self- 
fertilised and the varieties therefore breed true to a very 
large extent. Cross-breeding does take place but only to a small 
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extent estimated at about 3 per cent. The fruit is a capsule 
with five cells which splits and sheds the seeds, each cell con- 
tains about ten seeds, generally. The seeds are small, flattened 
and oval with a tough shiny coat which has a peculiar oily or 
soapy feel. The seeds are generally brown in colour with a 
slight variation in the depth. There are varieties in which the 
seeds are yellow and others in which they are white. These two 
are grown to a small extent in Central India and Rajaputana. 
They are richer in oil content and the oil is also of a lighter 
colour than in the brown seeded varieties. The latter them- 
selves are distinguished as large and small. The extremes in 
size may be put down as 110 seeds per gramme in the large- 
seeded variety and 200 per gramme in the small-seeded variety. 
In the trade a considerable margin is recognised and for the 
large ones (designated " bold brown ") the standard adopted is 145 
with a margin up to 153, all sizes smaller than this grade being 
classed as " small brown". The oil content varies with the size 
of the seed. The larger the seed (up to a limit, which excludes 
abnormally large seed where the size is due to the thickness of 
the seed coat) tbe higher the oil content. 

Pests and diseases. —There are no major insect pests to 
which the linseed crop is subject. Occasionally the caterpillar of 
a moth-- the Qrammodes stolida F. — is found feeding on the 
leaves, but the damage is insignificant. 

A somewhat wide spread though not serious pest is the 
attack due to the larvae of Gecidomyids which suck the juice from 
the base of the flowers weakening the flora! organs and inhibi- 
ting the formation of the seed. The incidence of the pest is 
largest in the months of February and March ; early sown crops 
and early maturing varieties escape the pest, for which however 
there is no satisfactory remedy. 

The crop is however subject to a serious disease, vis., the 
'linseed rust' (Melamj>sora lini, Lie). This is generally pre- 
sent every year to a small extent but in some years becomes very 
severe almost like an epidemic. The leaves and stems become 
covered with bright orange coloured spots or pustules which 
later become reddish brown and black and crust-like in form. 
The disease greatly reduces the yield of the crop intended for 
seed, and in the case of the fibre crop makes it worthless. No 
direct treatment for controlling the disease is known. As a 
preventive measure, the burning of crop residues in the soil as 
well as the debris on the threshing floor left after the diseased 
crop was harvested and threshed is recommended. 

Composition and uses of linseed. — Linseed is an oilseed 
which contains from 38 to 45 per cent of linseed oil, an oil 
which on account of its being a drying oil is nsed extensively in 
painting and varnishing. As expressed by mills, the seed yields 
only about 35 per cent of oil, while expressed by the country 
' ghanas ' the yield is still less being only 25 to 30 per cent. The 
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oilcake left after the oil is pressed out is a most valuable feeding 
cake, perhaps the most favourite cattle feed in Europe, It is a 
highly fattening food and is free from, the cpstive effect which 
other seeds like cottonseed oilcake possess. It is fed to both 
milking animals and fattening animals. It has however the 
property of making the butter from the milk of animals fed on 
it, somewhat soft in texture. The seed itself when soaked in 
water swells up and gives a mucilaginous mash, which on 
account of this property is fed after soaking the seed, whole or 
after grinding, to animals in poor condition or recovering from 
illness. 

The average composition of linseed and linseed oilcake, and 
the physical constants of linseed oil are as below :— 





Jjinseect. Oilcake. 


Linseed Oil. 




Moisture 


.. 6-6 11-6 


Specific Gravity at 15°c. .. 


•982 to '936 


Proteins 


.. 20-3 28'3 


Refractive index at 28°c. .. 


1-479 to 1-480 


Pats. 


.. 38 (variable) l-OO 


Iodine number 


180 


Carbohydrates 


.. 29 31'3 


Acid number 


6-0 


Fibre 


.. 4-8 11-0 


Saponification number ... 


189 to 191 


Asu 


.. 2-1 8' 


Unsaponifiable matter 


1-E0 



(American Society for testing materials, 

Production and trade.— The total area under linseed in India 
is estimated at about 4 million acres. The major areas are as 
under : — 

Central Provinces 1£ million, Bihar 586,700, United 
Pro-vincea 318,300, Bombay 111,900, Bengal 137,000, acres. 
Both Mysore and Madras are very insignificant in respect of 
linseed production. The total production in India is estimated 
at 475,000 tons of seed. India is one of the largest linseed 
exporting countries of the world and the annual export of seed 
amounts to some 200,000 tons. In addition, both linseed oilcake 
and linseed oil are also exported, the former to the extent of 
59,000 tons and the latter to the extent of 77,600 gallons per year. 

VI. NIGER (Guizotia Abyssinica). 

Vbenaculae names foe NIGER:— Kannada— Huchellu ; 

Tamil— Payellu, Uchelltj ; Telugu — Vebkinuvultj ; 

Hindustani — RAMTIL. 

Niger is grown for the sake of its seed which is an oilseed 
of considerable importance. The crop is grown over most parts 
of India, and may be said to be as common as the ' gingelli.' It 
is grown extensively in Mysore, Madras and Bombay, almost 
invariably however as a mixed crop with various grains and 
pulses. The crop is said to be a native of Africa but is grown at 
the present time ' over many parts of the tropical, and 
temperate zones. It is grown only under conditions of moderate 
rainfall not exceeding 40 inches and is therefore not suited to the 
Malnads and other areas of high rainfall. , ; ^ 
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Soils. — The soils most favoured are the light red and 
brownish loams of good depth and texture ; light poor soils with 
considerable admixture of coarse sand and gravel are also sown, 
but the growth is always poor on such soils. It is either not 
grown or grown only to a small extent on the black cotton soils, 
or other types of heavy soils. In Mysore, it can be said to be 
confined to the first type of soils, much in the same way as ragi, 
in the case of the grain crops. 

Rotation, — The niger crop is grown in the main rainy 
season commencing about July and is sown either about the same 
time as ragi with which it is grown as a mixed crop or is sown 
a little later in the month of September. It is seldom sown as 
an early monsoon crop or as an irrigated crop in the hot weather. 
Niger is almost invariably grown as a mixed crop and is followed 
or preceded by the same crops that are grown in rotation with 
the main crop. Eagi is the most important crop with which it 
is grown in mixture in the main season. Second in importance 
is the mixture of m'ger and horsegram, which is sown in early 
September. To a small extent it is grown as a mixture with 
other crops like groundnuts, castor, ' navane,' ' sajje,' etc. Asa 
mixture with ragi, niger is sown in rows at distances of six to 
twelve feet and even in these rows it may sown either pure or 
mixed with the seeds of fodder jola, cowpea or ' avare.' Sown as 
a mixture with horsegram, it is sown at disbances of not less than 
six feet, in plough furrows after the horsegram has been broad- 
casted and ploughed in. It is also usual to sow both crops 
through seed-drills in rows about 9" apart and five or six rows 
of horsegram albernating with one row of niger. 

Cultivation and yield. — The preparation of the land for 
niger is the same as has been described for the dry crops grown on 
the red loamy soils such as ragi, for example. When it is grown 
as a mixture with ragi, it has the advantage of a very well 
prepared soil, whereas when grown as a mixture with horsegram, 
the preparation of the soil is less thorough. This is especially so 
when the horsegram follows ' kar-ragi ' or ' gingelli ' as a second 
crop, as the time available for sowing does not permit much plough- 
ing and cultivating. The crop however responds well to good 
cultivation and the growth in ragi fields and well prepared horse- 
gram fields is always striking. Intercultivation is frequent-and 
thoroughgfor the ragi crop and the niger shares in the advantage. 
The crop comes into flower in three months after sowing and at 
this stage a good deal is cut and removed for use as green fodder 
especially for sheep. The crop matures in another five or six 
weeks, by which time the ragi is harvested. A curious feature 
is the large extent to which the leaves dry and shed in the field, 
for which reason it is considered sometimes a good green manure 
crop though it is not a leguminous crop like the usual green 
manure crops. The crop is harvested by cutting them with 
sickles at the base and is taken to the threshing floor and stacked. 

12 



178 FIELD CEOrS OJ? INDIA 

It is taken up for threshing as almost the first crop on the 
threshing floor and is threshed by beating with sticks, The 
seeds easily separate and are then cleaned by winnowing and 
sieving. As in the case of the gingelli crop, there is a large 
admixture of earth and weed seeds and the produce from the 
threshing floor requires much cleaning before being sold or stored. 

The yield depends much upon the proportion of the niger 
in the mixed crop. With the usual ragi-niger mixture, "the yield, 
is only about 100 lb. per acre. G-rown pure, however, the yield 
will amount to about 300 to 400 lb. per acre. 

Botany and varieties.— Niger belongs to the natural order 
Composifceae. It is an erect herbaceous annual growing to a height 
of about three feet and branching only to a moderate extent. 
Both stems and leaves are rough to the touch due to the coarse 
niinute hairs with which they are covered. The leaves are 
opposite, petioled and are somewhat lanceolate in shape, toothed 
ana about three inches in length. The flowers are bright caDary 
yellow in colour, about 1-2 inches across and are borne at the 
ends of the branches and in the axils, with a corolla of one row 
of ray florets and a disc of inconspicuous flowers, both being 
fertile. The seed is an achene about half an inch long, thin and 
needle-like, the seed coat being hard, glossy and black in colour. 
The cultivated crop consists of only one variety and no other 
varieties are seen. 

Niger oil. — Niger seeds have an oil content of 40 to 45 per 
cent. In the country " ghanas " the seeds yield only about a 
third of this oil content. Niger seed oil is a clear pale yellow 
oil which is edible and is used largely as a substitute for gingelli 
oil, which itself often contains an admixture of niger seed oil. 
The oilcake is a valuable cattle feed and is largely fp-d to cows 
and buffaloes in milk. Ordinary niger cake from the country 
'ghanas' contains about 4J per cent of nitrogen. The cake is 
believed to make cows and buffaloes to which it may be fed drink 
. large quantities of water and thereby increase the quantity of 
milk from these animals. The niger crop is not subject to any 
serious pests or diseases. 

Areas. — The area under cultivation in Mysore is about 
10,700 acres. 



VII. SAFFLOWER. 

Vernacular names for SAFFLOWER : -Kcmnada— Kusume ; 
Tarn*/!— Kusumba; Teliigu~~KxssOM3ALTi ; Hindustani— RuSXSM. 

The safflower plant is the source of two important products, 
vie., safiiower oil and the safflower dye. The seeds afford the oil 
and the flowers the dye. The safflower dye was an important 
and largely used colouring stuff both in India and outside in the 
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days prior to the advent of the aniline dyes but has now sunk 
into insignificance. The plant is now cultivated principally for 
the sake of its seeds which are uaed for extracting oil and for 
eating, The plant is said to be under cultivation from very 
ancient times and its origin is variously held to be India, Africa 
(Egypt and Abyssinia) and Arabia. Its cultivation extends over 
many parts of the world both in the tropics and in the temperate 
zones and among the countries where its cultivation is of import- 
ance are India, China and the East Indies generally, Persia, 
Spain, Germany, Italy, Southern Russia and South America, 
In India, it is cultivated more or less in all the provinces but it 
is only in Bombay that it assumes importance, where it is the 
oilseed grown on the largest scale occupying an area of about 
500,000 to 600,000 acres. 

Rainfall. — Safflower is grown both as a rainfed crop and as 
an irrigated crop. In most parts of Bombay and in South India, 
it is nearly always a rainfed crop; but elsewhere in Bombay and 
in other parts of India it is grown mostly under irrigation. The 
crop is not fit for tracts of heavy rainfall, the general range oi 
rainfall suited to the crop being between 25 and 40 inches. 

Soils. — The rainfed crop is grown mostly on the black 
cotton soil ; in fact in Mysore, Bombay and Madras, it is one of 
the typical black cotton soil crops; loams and light alluvial soils 
are also put under the crop extensively, both under rainfed and 
under irrigated conditions (generally the latter) in many of the 
other provinces of India. 

Rotation. — Safflower is seldom grown as a pure crop; it is 
grown mostly as a mixed crop along with wheat, Bengal gram, 
or late season jola about three rows of safflower alternating with 
six or twelve rows of the main crop. A favorite method iB to sow 
the crop in the marginal rows, so that the main crop of Bengal 
gram, wheat or jola is surrounded by the safflower orop. On 
account of the spiny character of the safflower crop, it serves to 
keep away stray cattle from the main crop when sown in this 
manner. Sometimes the crop is grown pure and this is 
especially the case where it is grown for the sake of the dye. 

In the black cotton soils it may be preceded by an early 
monsoon short season crop of the kinds mentioned as suitable 
for this purpose such as greengram, blackgram, coriander, or 
short season groundnuts, and may thus form one of two crops 
grown in the same year. More often however it is the only 
crop of the year and is grown in the late monsoon. The crop 
usually follows cotton in the previous year and may be followed 
by the main season jola in the subsequent year. On the lighter 
soil 8 and where grown pure and under irrigation it forms a 
rotation crop with various grain crops like jola, wheat, ' sajje ' or 
even rice. 

Cultivation, — The crop is sown usually in the month of 
October and even later in the season and harvested in February- 
March, The preparation of the black cotton soil is in the same 

12 * 
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way as has already been described for the other crops of this 
season. The sowing is through seed-drills on the moist seed bed; 
the ihree-tined seed-drill is used and the crop is sown in strips 
of three rows alternating with six to twelve or more lines of the 
mixed crop of wheat or jola. About four to twelve pounds of 
seed are required per acre depending on the extent of the mixture 
in the main crop. After the crop comes up intercultivation with 
the light bladed hoe is given twice at intervals of a fortnight, 
principally for the sake of the grain crop. It is customary to top 
the plants about three weeks after the last intercultivation, so as 
to encourage branching. As the plants bear flowers only at the 
extremities of the branches, this process is rendered necessary to 
ensure a large number of flowers and a bigger crop of seed or 
dye. The crop matures in about four months and is harvested 
by pulling out the plants. They are stacked for a few days and 
when quite dry are threshed by beating out with sticks. The 
seeds thresh out easily and are then cleaned and winnowed, 
The leaves and stoma are used as fuel or thrown on the manure 
heap. The yield of the seeds per acre varies a great deal depend- 
ing generally upon the proportion of the safflower crop to the 
main crop of grain or pulse with which it is sown as a mixture. 
About 100 lb. of seed is usually expected in mixed cultivation 
and quite 400 to 600 lbs. when it is grown pure. 

Safflower dye.— "When the crop is cultivated for the sake of 
the dye the soil is prepared more thoroughly and it is also lightly 
manured. Seed is sown in October at the rate of 20 lbs. per acre. 
The plants begin to flower in January or February and the 
harvesting of the flowers is then taken up as it is the flowers or 
the corollas, which are brilliantly coloured, which contain the 
dye. For this purpose the flowers are cut off and removed when 
they are fully open and as far as possible before they begin to 
fade. The flower heads are put out to dry and are then broken 
up, cleaned so as to remove as far as possible everything other 
than the corollas of the flowers and then are packed for sale. 
The flower heads however form only the raw material or basis of 
the dye and the actual marketable dye is made from it by wash- 
ing it in water and dissolving out the yellow dye which is easily 
soluble in water. After this easily soluble dye is washed out, 
the pulp which remains behind and which contains the more 
valuable and comparatively more permanent dye is dried and put 
up in small cubes for sale. An acre of the crop grown pure 
yields about 80 to 120 lbs. of dried petals. The dye furnishes 
various shades of red, yellow and orange, all of which have a 
tendency to fade. The dye is used for cotton, wool and silk. 

Botany and varieties. — The safflower plant ' Carthamua 
tinctorius' belongs to the natural order Compositeae, and is 
classed under the sub-family Voluterella. The plant is an annual 
herb with slender many-branched stems, growing to a height of 
18" to 24"; the leaves are alternate, toothed and have spiny tips; 
they are lanceolate in shape and about 3" in length. The 
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flower heads are borne on the terminal ends of the tranches and 
the florets are coloured deep orange red. The outer florets are 
sterile and the inner disc flowers are bisexual. The bracts below 
the flowers have sharp spines. The fruits are achenes and are 
smooth, slightly ribbed or angular. 

There are two varieties, one of which is very spiny and the 
other is either spineless or is only moderately so. The latter is 
more cultivated for the dye than the spiny variety. It is believed 
that the spines become less pronounced under cultivation but the 
spines persist a good deal in the forms under cultivation also and 
this character is in fact turned to advantage by sowing the 
safflower as a marginal crop where it acts as thorny hedge 
against stray cattle. Varieties also differ in the size of the seed, 
there being a large-seeded and a small-seeded variety. 

Pests and diseases. — The safflower crop is not subject to any 
serious pests or diseases. The only insect pest known to attack 
the crop in South India is a green leaf-eating caterpillar — the 
Perigoea capensis, G. — which sometimes appear in large numbers 
and defoliate the plants. In the early stages the pest may be 
controlled by handpicking the caterpillars. Stomach poison 
sprays are useful but are not practicable on a field scale. The 
pest is much parasitised by flies and wasps and in this way is 
naturally kept down. 

Seed and oil. — The safflower seeds yield a clear yellow 
edible oil which is largely used in Indian cookery much as the 
oil of gingelli or groundnut. Very often safflower seeds are 
mixed with gingelli and crushed for oil and a good deal of the 
safflower oil of the bazaar is a mixed oil prepared in this way. 
The pure safflower oil is also a partially drying oil. On Jong 
continued boiling over a slow fire for about four hours the oil 
turns into a thin plastic oil which can be used as a waterproofing 
material mixed if necessary with suitable colours. Tbe hot oil if 
poured into cold water becomes a plastic of thicker consistency 
■fed is then suitable for use as an adhesive for glass. The 
safflower seeds have a white horny tough seed coat, which is 
only partly removed before the oil is expressed. The oil 
extracted from fully decorticated seed is about 25 per cent of 
such seed. The seeds are themselves edible as such and are 
fried and eaten. They form excellent poultry feed, also. The 
oilcake is an edible cake and forms an excellent concentrated 
cattle feed. It often contains a large admixture of the hard 
husks or seed coats which reduce the nutritive value of the 
cake and renders it a coarse feed as compared with other oil- 
cakes. On account of this varying quantity of husk in the cake 
the nitrogen content varies considerably. An average sample 
may contain 4'5 per cent of nitrogen but cleaner samples may 
contain as much as 7 per cent. The oilcake as it comes from 
the country ' guanas ' is in the form of dry, very hard lumps. 
The cake is reputed to keep long without goiDg mouldy. 
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SECTION IV 

SUGARCANE 

VebnacuLae names foe SUGARCANE: Kannada-'K.A.m-a ; 
Talugu-OKamj'KV ; Tamil-KARUMBV ; Hindustani-G&XNA. 

The sugarcane forms the most important source of the 
sugar supply of the -world and until about seventy years ago, 
when the cultivation of the sugar beet assumed great commer- 
cial importance, was almost the sole source of supply. Compara- 
tively insignificant supplies are being derived from various palms 
such as the palmyra palm, the cocoanut palm, and the 'nipa' 
palm and from the maple tree and the sweet sorghum. The 
world's sugar production at the present time may be said to be 
divided between cane sugar and beet sugar in the proportion of 
60 and 40, respectively. 

Distribution. — India may be said to be the home of the 
sugarcane from where it spread both to the east and to the west. 
At any rate the cultivation of sugarcane in India is easily traced 
to the very earliest times; mention is made in the Vedas, 
Puranas and other ancient sacred writings as well as in the 
medical works of ancient India ; the cultivation of the sugarcane 
was well-known and practised, the products of the cane such as 
jaggery and sugar were also produced and methods of making 
more than one grade of refined sugar understood and followed. 
Even in the modern development of the manufacture of sugar on 
a factory scale, India has played an important pioneering role 
and was at one time a large competitor with the West Indies in 
the English market for sugar. India has still an immense area 
of over 3^ million acres of sugarcane and a total production 
higher than that of any single cane growing country of the 
world. 

The cultivation of sugarcane has extended far beyond the 
confines of India and is now carried on extensively in nearly every 
country where the climate is favourable. The important sugar- 
cane growing countries of the world are ;— India, Southern 
China, including the Island of Formosa, Java, the Phillipine 
Islands, the Hawaiian Islands, Central America, the Guianas, 
Brazil, Chilli, and Peru, the West Indian Islands of Cuba, Jam- 
aica and others, South Africa, Egypt, the Mauritius, and 
Queensland in Australia, The relative importance of the 
sugar production of these countries may be judged from the 
ratio which their production bears to the total world's production 
of sugar, which were as below in 1933-34 : — North America (all 
beet sugar) 699 ; The West Indian Islands, Hawaii and Central 
America 20 - 45 ; South America 6 - 39 , Europe (all beet sugar) 
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27'89; China 1'07 ; Formosa 3'12 ; India 18-95; Java 2"97 ; 
Phillipines 5'57 ; Africa 3'66 ; Australia includiug New Zealand 
and Fiji 2-80 ; 

The zone of sugarcane cultivation will be clear from the list 
of the cane growing countries given above. Though a tropical 
or sub-tropical crop, its cultivation often extends much farther 
beyond these zones. In the latter case however the cultivation 
is attended with serious difficulties. The reason is this : The 
growing period of sugarcane varies from about ten months as 
a minimum in the early maturing canas to as many as eighteen 
months in the late-maturing varieties. The upper limit is 
however very varied as some varieties can continue to make 
growth even for two years. The climate must therefore be such 
as to permit of continuous growth for at least ten months as in 
the case of the early-maturing varieties without frost or severe 
cold weather setting in before the end of this period. Severe 
cold arrests the growth and frost kills the cane if it is left 
standing ; canes have therefore to he cut before they complete 
even this period and if frost or cold weather conditions are pro- 
longed then elaborate arrangements have to be made to cover up 
the harvested cane with earth or cane trash or similar material 
and prevent the damage to the cane. Cane growing in these 
tracts is therefore at a great disadvantage ; it can be seldom 
economic nor will the produce be able to compete with that from 
areas with the requisite climate. 

Though climate naturally limits the areas of cultivation, 
still there are also other factors which decide the distribution of 
the area. Thus in India although the conditions which, as 
regards climate, may be called ideal, exist only in peninsu- 
lar' India or south of the latitude of Bombay the area under 
sugarcane cultivation is concentrated in Upper India and north 
of this zone. The Punjab, United Provinces, Bihar and Orissa 
have some 2,500,000 acres of cane and Bombay and Madras 
including Mysore have only 300,000 acres, that is, only about 
11 per cent is situated in the best zone and 89 per cent is 
situated quite outside. The chief factor which has determined 
this unnatural ratio is the ease with which cane can be cultivated 
in Upper India without irrigation, coupled with the immense 
market for the produce. Irrigation is always a very costly item 
and even then is available only to a limited extent. Yields of cane in 
Upper India are very low but so are the expenses ; under the 
irrigated conditions of Bombay and South India the yields are 
very high but so likewise are the expenses. It has been calculat- 
ed that the cost of raising a ton of sugarcane is only about 
Rs, 5 or 6 in Upper India as against Rs. 9 in Mysore and Rs. 10 
to Rs. 11 in Bombay and Madras. 

Bainfall. — In South India sugarcane is grown under a wide 
range of rainfall conditions, varying from about 25 inches up to 
over 100 inches. In the malnad districts of Mysore the heavy 
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rainfall is concentrated in the South West monsoon months of 
July to September while in the East coast districts of Madras the 
heavy rainfall comes in the North East monsoon months' of 
October to December. In the former case the cane is only from 
five to seven months old at the height of the monsoon while in 
the latter the cane is about nine to ten months old and nearing 
maturity. Though special efforts have to be made to secure 
adequate drainage of the surface water in the former case and 
against cyclonic storms in the latter the growth of the cane is 
not checked seriously and even if there is a slight check the cane 
recovers rapidly after the monsoon conditions cease. Neverthe-j 
less such heavy rainfall cannot be considered favourable. It is 
in the tracts of moderate rainfall of from 30 to 40 inches which 
is supplemented by sufficient and timely irrigation that the 
sugarcane thrives best. 

Irrigation. — Irrigation is the most important requisite for 
sugarcane cultivation wherever it may be carried on. In regions 
of moderate or low rainfall its importance is obvious but even in 
regions of very high and torrential rains, as the rainfall is con- 
fined to a few months in the year, and alternates with dry 
periods of several weeks or months, irrigation has to be provided 
during these breaks of rainless months. As the sugarcane crop 
is one of practically twelve months' duration, irrigation sources 
such as river channels which provide only monsoon irrigation for 
a period of six months cannot suit sugarcane except where the 
channel water is stored in tanks for use in the hot weather or the 
channels themselves take from large storage reservoirs like the 
Krishnaraja Sagara of Mysore which will supply water through-, 
out the year. It is under the large irrigation tanks therefore 
that cane growing is largely carried on, adequate provision being 
made by means of permanent or temporary wells for irrigation 
when the supply from the tanks gives out. These temporary 
wells also enable the cultivation to be started long before the 
tanks may fill and the young crop to be carried through with 
the moderate irrigation it may require until it grows and the 
need for heavier irrigation arises, which can be met by the tanks 
as they fill normally by that time, A very large extent of 
sugarcane cultivation in South India is also carried on solely or 
principally with the help of well irrigation or by water raised 
from springs and sub-soil flows or from great Artesian supplies 
as in the district of South Arcot. Though the ordinary ' mhote ' 
or ' kapile ' is the chief method of raising water, pumping installa- 
tions using gas or oil engines or electric motors or even steam 
power have come into use to an appreciable extent all over South 
India and Mysore ( 

One of the largest areas in India depending upon a single 
irrigation project for its sugarcane cultivation is the Irwin Canal 
tract in Mysore from which the Mysore Sugar Company derives 
its supply of sugarcane. The interesting feature of this irriga- 
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tion is the block system which is designed in the permanent 
interests of the soils of the tract and of the health of the 
inhabitants. The irrigated areas under each of the large irriga- 
tion sluices are divided into three blocks on which crops will be 
allowed to be grown only in the following order, viz., (1) rice, 
(2) dry or semi-dry crop and (3) sugarcane, during a three-year 
period, the irrigation being given or withheld' suitably. A 
swampy condition likely to result as a consequence of rice being 
grown continuously and the risk of the spread of malaria are 
guarded against in this way, a judicious combination of crops 
and economy in the use of water being secured at the same time. 
Under the Nira Canals in the Bombay Presidency, large 
areas of cane are grown somewhat under similar control of 
irrigation. 

Soils,— The soils suited for sugarcane cultivation are light 
coloured brown or reddish loams of some three feet at least in 
depth and underlaid suitably for drainage. In a great many 
places sugarcane soils are dark rich clay loams such as are to be 
found under tank irrigation. But these soils have usually to be 
improved by the addition of sand and red earth annually or at 
longer intervals. They require moreover by reason of their 
situation as well as texture, considerable drainage. On the other 
hand the cane grows luxuriantly on such soils and large yields are 
possible. They are also retentive of moisture and the crop can 
stand a certain amount of delay in irrigation. The quality of the 
jaggery made from cane grown on such soils is not however of the 
hard light coloured quality with the pronounced crystal grain 
structure such as is obtained from canes grown on the brown or 
light red loams or sandy loams, unless special care is taken in the 
preparation of the jaggery. The juice too is not of high purity 
in such soils. There is also a tendency on such heavy black soils 
for the cane to be somewhat delayed in maturity. In many 
situations under tank irrigation the soils tend to become alkaline 
and such areas require efficient drainage besides other methods 
of keeping down the alkalinity. Sugarcane on such soils not only 
suffers in growth but yields a juice which when boiled into 
jaggery either does not set hard at all or gives a very soft 
jaggery. When used for the making of sugar, the alkaline salts 
prevent the sucrose from crystallising out, the' quantity of 
sucrose thus affected being found equal to the quantity of 
the alkaline salts present in the juice. Stony and gravelly soils 
are quite unsuitable and even though canes make a fair start on 
such 3oils, both growth and tillering are very poor. Deep 
alluvial soils inclined to be clayey loams rather than sandy are 
ideal sugarcane soils. 

Drainage, — Sugarcane fields require ample drainage and on 
the class of soils on which it is largely grown adequate drainage 
will be invariably found necessary. These areas are generally 
flat fields and rice is the crop with which sugarcane is frequently 



STTGABCANfi 187 

grown in rotation. Cane fields are often surrounded 1 by or adjoin 
rice fields. Fields are also chosen as near to the tank as possible 
for the sake of a better water supply. All these conditions bring 
about a too moist condition of the sub-soil which is greatly 
detrimental to the sugarcane. A wet sub-soil retards the growth 
of the cane, predisposes it to diseases like red-rot, ' pineapple 
disease ' and so on, and tends to increase the salt content in the 
root zone which as already explained affects the quality of the 
juice and the jaggery attempted to be made out of it. The sugar 
cane industry of the Northern Circars of Madras which was 
threatened with ruin some fifty years ago was saved by means of 
adequate and extensive drainage of the fields. Open, drains of 
about three feet in depth are necessary on all the four sides of the 
cane fields for cutting out the seepage from the tank and from 
the adjoining fields, and inside the cane field itself open drainage 
ditches have to be dug at suitable intervals to prevent the sub-soil 
from becoming too moist or water-logged. Many soils which may 
appear alkaline or too clayey and unfit to grow cane can be 
converted into good cane soils by drainage. Sub-soil drainage 
can be provided not only by open drains but also by underground 
covered drains. It will be profitable to have these permanent 
covered drains of any of the cheap and crude types at least if not 
of actual drainage tiles. Drainage ditches can be filled with rubble, 
or date stems or even brushwood and covered over and in this 
condition will be found serviceable for a surprisingly long time as 
covered drains. A good scheme of sub-soil drainage with a proper 
main drain, laterals, etc., and a sufficiently low and effective outlet 
will be a good investment in areas in which sugarcane is grown 
every year as the main crop in rotation with a dry or semi-dry 
crop. 

In regions of heavy rainfall as in the malnad of Mysore, 
drainage has to be provided mainly for the purpose of carrying 
away the surface flow in the rainy months and drainage trenches 
or deep furrows have to be provided. The custom in such tracts 
' is to alternate the cane rows with trenches or furrows much 
deeper than the irrigation furrows usually are. 

j The great difference in the yield of cane that can be 
brought about by a difference in the degree of drainage is 
strikingly shown by the following result : — 'In one and the same 
field on the Hebbal Farm near Bangalore the drainage was good 
at one end and very poor at the other end and about intermediate 
in the middle. The growth of the cane was strikingly different 
in the three sections, the crop -at the badly drained end being 
very poor and stunted. The crop was harvested separately from 
these three sections and it was found that while the well-drained 
end gave 31$ tons of cane per acre, the badly drained end gave 
only b" tons and the middle one gave 22£ tons. In later years 
when the drainage had been improved by deep drains covered 
over, the location of the underground drains could be easily 
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picked out by the better and taller growth of cane on the rows 
lying immediately above the drains. 

Rotations. — In a large majority of cases. .the sugarcane 
crop is grown in rotation with rice; the sugarcane stiibble_is 
removed completely after the crop is harvested and the. land 
given oyer for the succeeding crop in the rotation,, .iris.-, rice. 
Though this is the general practice, sometimes the sugarcane 
crop is ' ratooned ', i.e., the stubble is allowed togrow,-theJand is 
hoed, manured and irrigated and a second crop is thus raised. 
In rare eases a second ratoon may also be raised so that, three 
successive crops of cane are raised one after the other, the first 
alone being planted and the second and third being grown only 
from the stubble. At long intervals other crops may intervene 
in the rice-sugarcane rotation, such as._.plantains, .betel —leaves, 
[turmeric, yams and sodn.lTh.ough the sugjrcace-rice rotationJs, 
the common practice, there is much to be said against it and where 
conditions will permit, it will be abetter practice to grow a 
semi-irrigated or dry crop in rotation instead of rice. The 

cultivaAi.oa.-~, of. rice... and jbhe puddling _pf ,_the__ „spil_and__its 

subme^gence_under water for ,a^^nod_pi.fiye_.j)x,^>L.months_of 
theric e cultiva tion "spoils the tilth ne^essa^_for _%e_sMceeding 
sugarcane crap. and~'m"ages" the soil much too moist. It will be 
better, therefore^ to grow a crop like groundnuts or ragi or jola or 
any of the garden crops as a main crop or a green manure crop 
like sunnhemp or daincha first and then follow it with a sugar- 
cane crop. In the rice areas where sugarcane fields are few and 
are interspersed with the rice fields, this may not^be possible but 
where compact single blocks under a single ownership are 
cultivated, there can be little difficulty in adopting the practice. 
When weeds-peculiar- to garden crops -become... badly established, 
notably the bulb- grass, Cyperus rotundua, which cannot be 
easily eradicated by cultivatipm, a croppf .rice .canladvantogepusly 
be'raised in order to smother and kill out .such ..weeds, „,lli_rice 
haslo be grown as part of the rotation, for the sake oHheJood 
gram"" necessary foi r 'th"e farmer and the .straw necessary "fpr>is 

cattle,_then it will be better to adopt the three year rotation 

prescribed for the Irwin Canal Tract in Mysore, yig.j, dry crop 3 - 
su &!££5'r5Zl i — • In tni s notation the rice crop only follows the 
sugarcane crop and does not precede it and therefore the harm 
to the soil is greatly reduced. <, 

Planting Season. — The planting season for sugarcane is 
more or less uniform throughout South India. The main 
planting season extends from about the middle of January 
and February to the middle of April, that is from about the 
beginning of the summer solstice to the time of the vernal 
equinox. There is a second planting season which is of minor 
importance compared with the first and this is about the time of 
the autumnal equinox The canes planted in the main season, 
viz., February to April, obtain the full advantage of the 
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monsoon rains during their growth, develop an extensive root 
system and with the cessation of the rains make rapid growth 
and become mature and ready for harvest and milling when clear 
sunny weather prevails. The second season on the other hand 
does not enjoy the same advantages, the crop requires heavy 
irrigation during the period of rapid growth, and comes to 
maturity before the rainy season is over, making it very 
inconvenient to carry on milling and jaggery boiling operations. 
That the February — April planting is about the best season has 
also been proved by planting experiments on the Hebbal Farm 
where cane was planted at intervals of a fortnight and the yields 
compared. 

The question of how long the planting season can be 
stretched assumes importance in the case of canes being grown 
for a sugar factory, because the longer the planting season the 
longer can the milling season be prolonged and the longer the 
period of work for the factory. In the case of the old established 
varieties like the ' pattapatti ' or striped cane of Mysore, a some- 
what belated planting, though it may mean a small reduction in 
yield, causes no serious trouble. In the case of the large number 
of seedling canes which have been introduced in recent years as 
the result of the sugarcane breeding work both in Inclia and 
outside and which on account of their larger yield and other 
characteristics are largely replacing the old canes, the difficulty 
is enhanced by the fact that nearly all of them begin to flower or 
' arrow ' from about the month of October onwards. With the 
arrowing, the growth of the Gane comes to a stop, so that if the 
arrowing takes place in eight or nine months in the case of a 
cane which normally grows for twelve months, then it means a 
material reduction in the tonnage of the cane. This is all the more 
serious because it is in the latter months towards the end of the 
season that the cane makes comparatively more rapid growth, and 
the cessation of growth prior to this stage means a much greater 
loss of tonnage than it would otherwise be. The harvesting of 
the canes cannot be put off to the end of the normal season and 
the canes allowed to stand till that time as deterioration sets in, 
the interior of the cane becomes pithy and dry and the juice 
content becomes less, although in composition it does not de- 
teriorate for a considerable period. The earlier in the year there- 
fore these canes can be planted, the longer is the period during 
which they can grow before flowering takes place; any 
advance in the planting season becomes a disadvantage, It is ] 
however seen that the new canes are not so very prone to arrow s 
after they have been in cultivation for a few seasons and have 
become 'acclimatised,' so to speak. 

Another important factor which decides the planting season 
is the advent of cold weather conditions in the higher latitudes, 
The interval between the beginning of the warm conditions 
favouring growth and the setting in of the cold season with the 
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risks of frost has to be taken advantage of in Ml by resorting 
to as early a season as possible for planting. On the whole, ifc 
may be said that, subject to slight variation depending upon local 
conditions of rainfall, supply of irrigation water and so on, the 
planting season now generally adopted, viz., from the middle of 
January to the middle of April is the most suitable for the main 
season and the months of September to October for a subordi- 
nate season. 

Planting material or " Seed ". — Sugarcane is a crop which 
is propagated only vegetatively and the sugarcane itself cut into 
small lengths forms the ' seed ' or planting material. Each of 
such lengths is called a ' seed set' and is so cut as to contain usual- 
ly three eye-buds ; sets may be cut longer or the whole cane itself 
may be used uncut ; but in practice these longer bits are un- 
suitable, because of the need for maintaining a particular distance 
between one set and auothpr in the rows or pits, for rejecting 
poor or diseased sets and planting only selected material and 
because the longer lengths are not straight enough to be laid in 
the rows. Seed sets may be cut from all parts of the cane from 
the bottom to the top and the full cane thus used for seed ; or as 
is more often the practice only the top sets are used for seed. 
These top sets are formed by the length of cane about two feet 
or so in length at the growing end of the cane after the leafy top 
has been cut way. The intevnodes which go to make up such 
sets are nearly all of them still within the tightly enveloping leaf 
sheaths. This portion of the stem (or sugarcane) cannot be 
made use of for milling, for the reason that its juice is too rich 
in glucose and non-sugars and therefore detrimental to the 
setting of the jaggery or the separation of the sugar. They 
however form excellent planting material because their eye-buds 
germinate readily. To use the ripe portion of the cane for 
milling purposes and the growing top portion for seed purposes 
is therefore an ideal way of making the best use of the whole of 
sugarcane. It is however not possible to obtain the large 
number of sets required for planting from these sets alone ; and 
this is especially so where cane planting has to be done long 
before the milling season. In practice therefore either the whole 
of the cane is cut up and used for seed or the top one third, one 
half or even two-thirds is used for seed sets and the remainder 
milled. Generally the younger the cane the better is the germi- 
nating capacity of the seed sets cut therefrom. In experiments 
to compare the germination of seed sets cut from different parts 
of ripe cane taken at the milling season it was found that the 
top sets gave a germination of cent per cent the middle sets 40 per 
cent and the bottom sets only 19 per cent. A high percentage 
of germination, quick and uniform at the same time, is of great 
importance in sugarcane cultivation. The seed sets are liable to 
white ant attacks and if sets do not germinate quickly and the 
shoots appear well above ground without much lapse of time 
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then they may not come up at all or, if they do, may die off 
before they can send oat independent roots. Where cane planting 
is done in more than one season it is not unusual to sell crops of 
young cane of only six to eight months' growth for seed pur- 
poses. In some villages sugarcane is grown solely for being sold 
for seed in this way. It suits these growers because they may 
not have the water facilities necessary for growing the crop to 
maturity and it suits the buyers because they obtain seed sets of 
high germinating capacity at the proper time. 

It is necessary to exercise great care in the selection of 
sound seed sets, especially as a precaution against pests and 
diseases. The 'red rot ' of sugarcane (Golletotriohum falcatum) 
can be guarded against if seed sets showing the disease are 
strictly rejected. The cut ends of the affected seed sets show a 
characteristic red colouration in the pith of the cane and these 
can therefore be easily distinguished and rejected. " Mosaic" is 
another serious disease which, it has been proved, can be stamped 
out by rigorous seed selection carried out over a few seasons. 
Sets should therefore be obtained from canes which do not show 
the disease. Sets often show signs of borer attacks and these 
have also to be rejected. , Care has also to be taken to see that 
all the eye-buds in the sets are present and in a sound and plump 
healthy condition ; very often in the course of stripping the cane 
of trash or dry leaves and trimming it for milling, the eye-buds 
are damaged or knocked off altogether and the sets therefore do 
not carry the full complement of eye-buds. 

A further selection of seed sets is sometimes carried out for 
their potential vigour by determining the specific gravity of the 
seed sets, which is based on the fact that sets with a higher 
specific gravity possess greater vigour. The method however 
cannot be applied- on anything but a small scale such as for 
instance, as part of breeding technique. 

Treatment of seed sets. — One of the worst troubles with 
germinating cane is the damage by white ants. Where the 
attack is bad, the whole of the interior of the cane set is eaten 
and the set does not germinate at all or if it has germinated, the 
shoot dries off. The attack is more in the red, light red and 
ashy-coloured loams than in the black somewhat clayey soils. 
Wherever irrigation cannot be given liberally and where canes 
are planted on the dry system depending solely on the rainfall, 
the pest is serious, and often as a precautionary measure the seed 
sets are treated in different ways before being planted. In the 
malnads of Mysore the sets are tied into bundles and kept 
submerged in running water for about 24 hours and then taken 
out and planted. It is claimed that a certain amount of sugar is 
removed by the water and the buds stimulated by this process, 
Elsewhere it is usual' to rub the sets with some repellent material 
whioh will keep off white ants, such as kerosine oil, asafcetida, 
the stinking aloe, the juice of the GUrodendron mermis, etc. It 
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is doubtful if these give anything more than a very temporary 
respite. Heavy irrigations coupled with manuring with castor 
oilcake or sulphate of ammonia are more efficient means of keep- 
ing out the pest as they stimulate quick and vigorous growth and 
the ability to withstand the attack. 

It is sometimes recommended that the seed sets should be 
dipped in lime water aDd then planted and it is claimed that a 
better germination and a higher yield of cane are obtained 
by this treatment. Cane sets soaked in a saturated solution of 
lime for a period of eight hours and then planted are reported 
to have given a higher yield of 25 per cent than untreated 
sets. 

Composition of the sug arcane. — The sugarcane may be said 
to consist of the sugarcane juice and of the fibrous framework of 
cellulose which comprises the walls of the different kinds of cells 
which go to make up the structure of the cane and which hold 
the juice of the cane. This portion is called the fibre or ' mark'. 
The sugarcane juice is composed of water and of solids mostly 
dissolved but partly in suspension in a fine state of division. 
These solids consist of sugars and non-sugars ; the former comprise 
sucrose and glucose and the latter consist of dissolved salts and 
considerable albuminoid matters, colouring matters, gums and 
waxes which exist in a suspended or semi-colloidal form in the 
juice. The juice from the cenjraj pith cells or tis sue of th e cane 
which is comparatively soft is very pure~ancT contains only "the™ 1 
sugars with a small admixture of non-sugars ; the non-sugars 
increase towards the rind of the cane and at the nodes, which 
are all hard and difficult to crush. When cane is crushed under 
a light pressure as in a wooden mill, the extraction of the juice is 
very low but it i3 expressed mostly from the soft pith alone and 
is very pure. With the greater pressure exerted by a bullock 
driven iron mill, the extraction increases, the harder portions 
near to the rind and the nodes are also crushed and the impuri- 
ties also increase. 

Fibre or ' mark '.—The ' mark ' is the fibrous framework of 
the cane and different varieties of cane differ in their mark 
content. The higher the mark content, the harder is the cane 
and the better able it is to maintain its erect growth. Such 
canes are harder to mill and under the same pressure do not yield 
as large a portion of their juice as the softer canes. The begasse 
or the refuse of the cane after it is crushed is largely composed 
of the mark. The begasse retains more or less of the juice 
according to the milling pressure exerted, but no amount of 
pressure alone can squeeze out all the juice from the begasse. 
Other things being equal, the amount of juice retained will 
depend upon the mark content of the cane ; the higher the mark 
the more is the juice retained and vice versa. To exhaust the 
begasse of all the juice, the begasse has to be moistened with 
water and then crushed and the process repeated again and again 



SUGARCANE 198 

unbil the exhaustion is complete. This process known as 
'maceration' is adopted in all up-to-date sugar factories. The 
*nwF~con'fent of the different varieties may range from about 
9 per cent in the case of soft canes to about 12 per cent in the 
hard canes and even go up to 15 per cent in the case of the very 
hard canes. The maximum theoretical percentage of extraction 
of the juice possible from any cane will therefore be given 
by the difference between 100 and the percentage of mark 
in it. ;' 

Sucrose.— The quality of the juice is judged by its sucrose 
content when the cane is ripe for milling. Varieties differ a good 
deal from each other in this Respect, and the range of variation 
may be from 13 or 14 per cent in the poor canes to about 23 or 
24 in the case of the very rich canes ; about 18 to 20 per cent 
may be considered fairly rich. 

Of the two kinds of sugar in the juice, dw., sucrose and 
glucose, it is the sucrose which gives the value to the cane. Pure 
sugar is 100 per cent sucrose and the higher therefore the per- 
centage of sucrose in a cane the better it is and the larger is the 
outturn of sugar that may be expected. Sucrose is a solid 
crystallisable product and as, in the manufacture of sugar, the 
sugar is obtained by crystallising the sucrose out, the aim is to 
have as much of this particular sugar as possible. 

* Glucose. — The other sugar, viz., glucose is a semi-solid and 
non-crystallisable sugar and from the point of view of sugar 
manufacture, should be considered an undesirable ingredient of 
the juice, although it is a sugar and a food and very sweet to 
the taste. Its presence in the juice retards the crystallisation of 
the sucrose, keeping its own- weight of sucrose from crystallising 
out. Its presence even in trifling quantities in manufactured 
sugar spoils the colour of the sugar and makes it moist, especi- 
ally in wet weather. Where jaggery is made glucose is not a 
serious disadvantage as the whole juice is boiled down into 
jaggery and the separation of crystal sugar is not the object. 
Still even here a high percentage of glucose, whether present in 
the juice or formed later on during the boiling process, is a seri- 
ous disadvantage, as it will make the setting of the jaggery 
difficult and good hard jaggery, which will not ran or soften in 
the monsoon season, cannot be made. 

The percentage of sucrose and glucose in cane juice will 
vary according to the age or ripeness of the cane, and in the 
same cane according to the portion of the cane from which the 
juice is taken. The glucose in the plant system is the earlier 
formed sugar, from which as the cane ripens the sucrose is 
formed. Eipe cane should 'not contain in the juice more than 
0"5 per cent of glucose, young sugar cane contains considerably 
more. The following will illustrate how the composition of the 
juice changes as the cane grows up 4 — ■ 

13 
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Composition of juice of six average canes from field planted 
in April and cut on the dates noted. 



Date of^cntting 


Glucose 


Sucrose 


Total solids 


21st November 


2-17 


11-75 


U-6 


6th December 


1-33 


14'1 


10-0 


22nd December 


1-23 


14.95 


17-0 


4th January ■■• ••• >•• 


1-16 


lfi-5 


18-3 


18tTi January ... ■•< 


■85 


13-4 


19-5 


31st January ... ... >•■ 


•93 


18-9 


196 


1 -1th February ... ... 


■69 


19-6 


20' 9 


Slat February ... ... ... 


•62 


19-5 


20-9 


28th February 


•63 


20-0 


21-0 


21st March ... ... •.. 


.•40 


21'4 


aa-4 



In cane winch is left standing long after maturity, in cane 
which has lodged, that is, which has been blown down by the 
wind, or for want of sufficient rigidity or due to top heavy 
growth lies almost flat on the ground, in canes which are 
damaged by the gnawing of jackals, pigs or rats and in canes 
badly attacked by the borer, which have lost their tops and have 
many side-shoots growing as a consequence, there is consider- 
able increase in the glucose content of the juice and a •corres- 
ponding reduction in the sucrose content. For example, while 
the composition of the cane from a whole field averaged 20"69 
per cent sucrose and 0'47 per cent glucose, the canes from a 
lodged patch therein had a- composition of 16'1 per cent sucrose 
and 2'16 per cent glucose. Similar deterioration of juice takes 
place if canes are kept long after they are cut, or if the raw 
juice is kept for any length of time ; further when the juice is 
brought on to the boiling pan and heated, the glucose begins to 
increase rapidly. These increases all take place at the expense 
of the sucrose, which breaks down into glucose (one molecule 
of the former spliting into two of the latter). Acidity in the 
juice, rise in temperature, ferment-causing organisms, all favour 
the breaking down of the sucrose, a process which is called 
' inversion.' The inversion of the juice has to be prevented or 
kept down by appropriate means and the best way of doing this 
is by the addition of caustic lime to neutralise the acidity, 

Salts — The salts present in the juice are compounds of 
sodium and potassium taken up from the soil. Like the glucose 
they also hinder the crystallising out of the sugar in sugar 
manufacture. Oanes grown on soils with a high content of 
soluble salts take up appreciable quantities- of such salts and 
their presence is often strikingly indicated by the somewhat 
salty taste and the soft consistency of the jaggery made from 
such canes. 

Other Bon-sugars. — The other non-sugars form an import- 
ant and troublesome group of impurities. The colouring matters 
naturally tend to darken the colour of the juice and of the 
jaggery made therefrom.- For the same reason they are 
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objectionable in sugar manufacture. They come from the rind of the 
canes, which vary from dark purple to light brown or red, striped 
red and yellow, greenish yellow or ivory yellow to smoky black, 
in the different varieties under cultivation. The eye-buds too 
add to the colour of the juice. The dark coloured canes yield 
dark coloured juices and the other tints also colour the juice 
more or less and even in the canes which are ivory yellow there 
is a greenish tint in the juices. The darker juices naturally yield 
a poor dark coloured jaggery and in sugar manufacture, require 
careful handling. The colour is present only in the outermost 
thin skin of the rind and if this can be scraped off, such clean 
canes will yield juices similar to the yellow or greenish yellow 
canes. 

The other non-sugars, via,, the albuminoid matters are due 
to the protein compounds in the cane and the bulk of these are 
located at the nodes of the cane and in the eye-buds; varieties 
differ in the quantity of albuminoid matters contained in their 
juice. "When the juice is heated, these albuminoid matters 
coagulate and rise to the surface of the juice and are removed in 
the shape of scum. In the manufacture of sugar and in the 
making of good bright coloured jaggery, the removal of the scum 
has to be very thorough as otherwise the colour of the product 
will suffer. 

The rind also contains waxes and gums which pass into the 
juice on milling. Along with the other impurities these also 
interfere with the consistency and colour of the jaggery and of 
the crystallisation and separation of the sugar and are difficult to 
remove thoroughly. Much of these like the albuminoids are 
removed in the scum. 

Juices are judged not merely on their sugar content but also 
on their " purity." The purity is expressed by the ratio which 
the sucrose in the juice bears to the total solids. These total 
solids are read off on a specific gravity spindle (Brix) and after the 
sucrose is determined in the juice the percentage of the latter to 
the Brix reading, after due corrections for temperature, is ex- 
pressed as the coefficient of purity. In comparing one variety 
with another, the coefficient of purity is an important factor to 
be taken into consideration along with the sucrose content. 

Botany and varieties. — The sugarcane belongs to the natu- 
ral order Gramineae and the genus ' saccharum,' allied closely to 
the ' Andropogons.' The sugarcane is a tall cylindrical stem or 
stalk of varying thickness, length, colour and other characters. 
I ts roots a re fibrous and spreading but not reacjhjngany_great 
depth Tjhe.. root ..system is generally noF s5ong"enoj|£h~,3o^ afford 
I sufficient_ anchorage to thestems, whlcn are much subjecE™to 
damage on thaT account. The root stock is a simple prolonga- 
tion of the stalk, and from the nodes on it Bpring true roots, 
which spread around and under in the soil. Varieties differ . 
greatly in their root range. The stem is composed of nodes, 

13* 
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and inter-nodes, varying in number and length in the different 
varieties. The leaves are alternate and spring from the nodes, 
their bases sheath the stem for a short length and then bend 
away as the blade of the leaf ; these leaf blades are about three 
to five feet in length and two to three inches broad, according 
to variety. They are mostly hairy, some to the extent of being 
called spiny. Varieties differ in the length, breadth and hairi- 
ness of the leaves. When dry the leaves mostly drop off but 
this tendency varies and in some the trash is difficult to remove 
and in others drops off by itself. At the base of each leaf and 
fully covered by the sheath is a bud, round, triangular or oval, 
and flat or plump and very prominent or inconspicuous, accord- , 
ing to variety. The buds or eyes are embryonic shoots and 
when the canes are planted in tbe ground they sprout. They 
also grow into side-shoots on the cane itself, under various cir- 
cumstances chiefly when the growing top is damaged. Around 
the nodes are small pits or dots which may be regarded as em- 
bryonic roots. When the cane is planted or when water collects 
at the nodes or leaf bases or the cane lodges, roots grow from 
these points. When the cane becomes mature it begins to 
flower, ManxjarJ££e^£Lthex.^„not^owaii„at--all or. if ...they 
do flowei-jjoear^only sterile flowers, as the sugarcane has through 
long continu ed v egetative gropagation^lost-. the. normal, habit 
of flowering and setting aeed^ The inflorescence is a long cottony 
pamcTeVrtftrarrdhg pfEEy"ped uncle and reaching from two to four 
feet in length, and white or light pink in colour. The individual 
florets have three, stamens and two feathery stigmas. Where the 
flowers are fertile as they are in some varieties, the ovaries swell 
and- set seed. The seeds are yellowish brown in colour and are 
tiny and rounded. The flowering should not always be taken as 
a sign of maturity, as it very offceD occurs even when the cane is 
only a few months old ; the phenomenon is rather baffling and a 
definite explanation is hard to give, 

The sugarcane comprises three species, viz , 1. S. officinarum 
comprising the noble or thick canes, 2. S, sinense, which comp- 
rises the groups, Panshahi, Nagori, and Mungo (or Oba) and 
3. S. Barberi, which comprises the groups Saretha and Sannabili, 
which, form the thin reedlike canes. The classification of Indian 
canes into the above five groups is according to Dr. Barber. 
The number of varieties of sugarcane grown in the different parts 
of tbe world is very large. Until about twenty-five years ago the 
varieties though large enough in number consisted of varieties 
that had been well established and been under cultivation for a 
very long time perhaps even centuries. The science of plant 
breeding changed this situation in a remarkable manner and has 
been instrumental in evolving innumerable varieties. Every 
important sugarcane growing country has its sugarcane breeding 
section and each is evolving, testing and multiplying new varie- 
ties suited to its local conditions. The older varieties have largely 
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given place to these new varieties and progress is so rapid in the 
evolution of new canes that hardly is one variety under cultivation 
for five or six years before it is displaced by a better and a newer 
creation -which itself in its turn gives place to a still better cane ; 
further the number thus put into cultivation is only an infinitesi- 
mal fraction of the number actually evolved, tested and discarded 
as unsuitable. Any attempt to describe even some of the im- 
portant new varieties of cane which have passed across the stage 
in recent years will be far beyond the scope of this book, "We 
shall confine ourselves therefore to a brief description of the 
varietal characteristics in general referring to the varieties, old 
and new, especially in the Mysore State, and to some aspects of 
the work of cane breeding itself. 

The characteristics in which cane varieties differ relate to 
the colour and hardness of the rind, the habit of growth and 
height, the thickness of the stem or cane, the richness and 
purity of the juice, the period of maturity, the tillering capa- 
city, the length of the internodes, resistance to disease, fitness 
for ratooning, suitability to special conditions, such as poor soils, 
alkalinity or heavy rainfall and above all, the yield of cane per 
acre. A distinct coloration of the cane, such as deep purple, 
pink or pink and white, or smoky is a disadvantage on account 
of the difficulty of preparing white sugar or bright coloured, 
jaggery from tbem. The hardness of the cane is an advan- 
tage where canes are subject to the ravages of jackals, pigs, 
etc., but entails more expense in milling and where bullock power 
is used, a reduction in the extraction. A good tillering capacity 
means a larger number of canes per set and consequently a larger 
tonnage per acre. The length of the internodes is one of the 
factors that governs the purity of the juice because the longer the 
internodes the fewer are the nodes and the eye- buds, which are 
the parts of the cane that account for the bulk of the non-sagars 
in the juice ; in addition they are easier to mill The length of 
. the internodes may vary from 3 inches to 9 inches. The thick- 
ness of the cane is a factor which influences the quantity of the 
juice in the cane and of the outturn of sugar per acre ; for the 
same quantity of juice a larger number of canes will have to be 
milled if they are thin than if they are thick. The thickness 
around the middle of the internodes may vary from 2$ or 3 inches 
up to 6 inches or even more in the case of the so-called 'elephant' 
cane. The thick canes are generally larger yieldero. The shape 
of the internode is sometimes important, as if it is too rounded 
or bulging across the middle it is liable to split during growth. 
The richness and purity of the juice is of course very important 
as the richer canea will yield a larger quantity of sugar per ton 
. milled than the less rich canes, in addition to being more econo- 
mical in boiling. The period, of maturity of canes may vary from 
ten months upwards to eighteen months and even two years ; an 
earlier maturing cane will be a great advantage where the seasons 
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are short or the supply of water likely to be insufficient towards 
the end of the season. Canes are often required for being grown 
under conditions of high rainfall and a high moisture content 
in the soils, on poor soils or under conditions requiring consider- 
able resistance to drought and there are varieties possessing these 
characteristics. Some varieties are very vigorous and are suitable 
for being ratooned once or even twice and this has great advan- 
tages under some conditions, especially as they mean a great 
saving of the time and labour involved in preparing the soil and 
planting a new crop. Resistance to disease and pests is a valuable 
characteristic and varieties differ considerably in their suscepti- 
bility. Above everything else is the important characteristic, via., 
the yield of cane per acre, which is generally a resultant of many 
of the characters indicated above, and the selection has to be 
made of the variety which -will give the highest yield under the 
conditions in which it has to be grown. 

Mysore varieties — (a) old. — The old indigenous varieties of 
cane in Mysore are soft highly juicy varieties which could be 
easily milled in the wooden mills of those days and are soft 
enough to be used as chewing cane. This same requirement set 
a limit to the thickness of the cane, and canes were only of the 
thin or moderately thick types ; and in the latter case they 
were often split or cut into pieces before being fed into the mills. 
Eoreign canes were now and Lhen imported, especially in Upper 
India where factories with iron power-driven mills began to be 
opened and even in South India the introduction of new varieties 
came in the wake of the iron mill and factory equipment. The 
old indigenous cane of Mysore is the Kasdali of which there are 
two types, one thick and another thin. It is a very soft cane 
with a greenish yellow rind, matures in ten months, has a sucrose 
content of 16 per cent in the juice, gives a light coloured jaggery 
and yields moderately well. The internodes are much rounded 
across the middle and often split or crack. It requires ample 
irrigation and manuring and cannot stand hard conditions. 
Jackals and wild pigs cause havoc unless the crop is well guarded. 
A later introduction isthe cane called "pattapatti," or local striped, 
which is said to have been introduced from Vellore. This is a 
slightly harder cane than the Kasdali, with a rind striped yellow 
and red longitudinally, is a vigorous grower, tillers well, grows 
much taller than the rasdali, is somewhat top-heavy and inclined 
to lodge if not protected suitably, gives a rich juice of high purity 
with a sucrose content which may go up to 22 per cent, takes 
12 months to mature, yields a good quality of jaggery, requires 
heavy watering and manuring, and gives a high yield which may 
go up to 40 tons per acre. It cannot stand drought or poorly 
drained soil conditions and is prone to suffer from 'red- rot.' A 
third variety is the one called ' Gheni ' or ' Marakabboo,' said to 
have come from China. This is a thin tall cane with a very hard 
rind, ivory yellow in colour ; it tillers profusely, is suited to 
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conditions of deficient water supply, and even to soils slightly 
alkaline. The juice is very rich, the sucrose may go up to 21 per 
cent and the jaggery is hard and light coloured. It takes about 
eighteen months to mature. It is fairly free from the attacks of 
jackals and pigs on account of its hard rind. It arrows freely and 
is also subject to ' smut'. 

Later introductions. — The varieties to come in next were 
four different types from the Mauritius, which were brought out 
for the Northern Circars as resistant to 'red-rot' and thereafter 
introduced into Mysore. All these were hard canes of a very 
vigorous tall and erect habit of growth with long iuternodes and 
were high yielders. They had the habit of arrowing freely. 
Among these the 'Eed Mauritius' is the only one which has per- 
sisted and is cultivated even to-day, especially in the malnads 
where it is found to thrive very well under the heavy rainfall 
conditions. For the same reason it continues to be grown in 
Malabar also. This variety is remarkable on account of the fact 
that it became the parent of the innumerable seedling canes 
which have been evolved in Mysore. Among other foreign canes 
introduced into South India which have retained some hold may 
be mentioned Fiji B, a Barbados cane, somewhat thick and 
stumpy, with short internodes and with a very hard deep purple 
rind. It has been found capable of withstanding the storms of 
the cyclone belt of the Madras coast better than other canes and 
has therefore remained in cultivation. 

(c) The ' seedling ' canes. — All the old canes are being re- 
placed by the new so-called 'seedling canes' which are the products 
of the cane breeder's work. These canes are obtained by the 
sowing of the true seed of the sugarcane The ordinary means 
of propagation in sugarcane is as is well known the vegetative 
method of planting cut pieces of the stem. The canes resulting 
from this method are exactly like the canes which were cut and 
planted, and retain all the characteristics of the latter, although 
there are some exceptions. If however the true seeds are sown in 
the same way as the seeds of, say, any grain crop, then the result- 
ing progeny is highly mixed in characters. If the seed of, say, Bed 
Mauritius should be sown, the resulting progeny may consist of 
of canes exceedingly varied in characters, many of them quite 
different from the Hed Mauritius parent. They may be thick, 
thin, medium size canes, of several rind colours, tall, short, erect 
or creeping, of varying degrees of sweetness, tillering capacity, 
and so on, comprising specimens in which the several characters 
mentioned already are shuffled together in great variety. The 
sugar cane bears true seeds in the " arrows " or flowers, but it is 
not all varieties, that flower, nor do all that flower set seed. 
Only such among the local varieties that flower and give viable 
seeds can form the parents or starting points for the evolving of 
the new ' seedling ' canes. Seeds may be taken from open 
pollinated arrows and sown, or definite combinations may be 
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attempted by selecting the parents and crossing them under con* 
trolled conditions. Both these processes have been followed in 
the cane-breeding work and some extraordinarily good varieties 
have been and are being evolved. 

The mere sowing of the seeds and raising of the seedlings is 
easy enough ; the seeds are sown broadcast thinly on elevated 
seed beds, covered over with straw and kept watered by a water 
can ; in a week they sprout like grass. In two months the 
seedlings are large enough to be transplanted into the breeding 
plots, where they grow and mature like ordinary canes. The 
testing of the unlimited number of varieties and selection of the 
desirable ones require however several years and also a very large 
breeding area. A large number is rejected in the early stages 
being obviously useless and those that show promise are allowed 
to grow, propagated vegetatively for the next generation and the 
characters further studied and selections made. 

Occasionally from some one or other of the clumps of any 
one particular variety of cane there arises a cane which differs 
markedly in appearance from its vegetative parent ; this varia- 
tion is called a " bud " variation or a " sport ". Whenever such 
are come across, they are separated, planted and tested and if 
found to possess any specially desirable characteristics are selec- 
ted for regular cultivation. Huch a " bud " variation or " sport " 
arises purely by accident. But in recent years bud variations 
have been artificially brought about by subjecting the cane set 
to X-Kay treatment, to the chemicals like Colchicine, Carbon 
tetrachloride, etc. (which possess the property of causing a change 
in the chromosome numbers) aud then planting such treated sets. 
There are a number of cane varieties which owe their origin to 
bud variation. In Mysore the variety called "Babboor striped" 
belongs to this class of natural and accidental sports but many 
new canes have been evolved by the X-Ray treatment also and 
are under cultivation. The Mysore seedling canes all belong to 
the class of thick or noble canes. H.M. 544 is a cane of great 
vigour and high tonnage and has a yellowish green rind. It was 
a popular seedling for some years, but has along with 
H.M. 533, and other seedling canes been replaced by H.M. 320, 
a very high yielding cane which matures in about twelve months. 
As the best all round cane this variety is being extensively grown ; 
at present (1942) other varieties mostly of medium thickness 
are coming into cultivation in quick succession, such as H.M. 661, 
H.M. 647, H.M. 645, H.M. 659, H.M. 658, H M. 658 and seve- 
ral others. 

The Coimbatore seedling -canes which have attained a great 
reputation are mainly of the thin class intended for Upper Indian 
conditions ; recently however the breeding of thick canes has 
been taken up and many good canes have s been evolved in this 
class also, Co. 290, Co. 331, Co. 313, and several other well- 
known varieties all belong to the thin class. They have been 
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found exceptionally well suited to Upper India where they have 
now almost completely displaced the old local varieties. Among 
the thick canes of Coimbatore origin are the Co. 419, Co. 508, 
Co. 360 and others. 

Cane breeding has not been confined to the use of sugarcane 
or tbe species ' saccharum ' alone as parents but what are called 
" intergeneric " crosses have also been made between sugarcane 
as one parent and a different genus of the order Gramineae as 
the another. The latter have been Teosinte (in Mysore) and 
sorghum and the bamboo in Coimbatore. Very good crosses 
have resulted and some are already under cultivation, such as 
H.M. 661, which is a cross between Co. 28 and Teosinte. 

Among the old South Indian local canes are some very high 
class canes like the ' poovan ' which is a fairly soft cane, growing 
tall and luxuriant, very thick and juicy, and with a yellowish 
green rind, very long internodes and capable of giving very high 
yields. Another South Indian cane of a similar character is the 
' Kaluthaiboothan ', an equally vigorous and large cane but with 
an ashy white bloom on the rind . 

The manuring of sugarcane. — Sugarcane is a crop which is 
generally heavily manured and which also responds well to such 
manuring. In Mysore, soil ameliorants like sand, red earth, and 
tank silt are added to sugarcane soils according as they are clayey 
soils, clayey loams or very light sandy soils. As much as forty 
cartloads may be put on an acre in this way and mixed in the 
course of the ploughings. A light preparatory crop of quick 
growing green manure, usually sannhemp, is sometimes raised, 
cut down and mixed with the soil. Many soils greatly lack 
organic matter and the addition of green material in this way is 
much to be recommended. It will be possible in this case to 
reduce the dose of cattle manure to be added to about twenty * 
cartloads per acre. Otherwise about twice this quantity will have 
to be added. In the Irwin canal tract in Mysore, compost manure • 
made from city refuse is being used to replace cattle manure in 
part. This material contains about 1 to l'o per cent of nitrogen 
and is used as a substitute for its own weight of cattle manure. 
In local methods of cultivation considerable use is made of the 
green leaves and flowers of the ' honge ' tree (Pongamia glabra), 
which are buried in the furrows or trenches between the rows of 
cane. The penning of sheep is also resorted to whenever possi- 
ble. None of these however will suffice for the production of 
really satisfactory yields unless large quantities of concentrated 
manures or fertilisers are also used in addition. The constituent 
to which the sugarcane responds strikingly is nitrogen. To the 
other constituents, viz., phosphoric acid and potash, the reponse 
is little and even then is not commensurate with the. cost of the 
fertilisers supplying these ingredients. It is also the experience s 
in many experiments that the potash, far from increasing the-, 
yield, actually depresses it. This is very surprising, especially ' 
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if we consider the quantities of these three constituents which 
are removed by or contained in an ordinary crop of sugarcane. 
A twenty five ton crop on the Hebbal Farm of Pattapatti cane 
removed from the soil a total of 55 lbs. of lime (CaO) 56 lbs. 
of nitrogen, 68 lbs. of phosphoric acid (P 2 5 ) and 190 lbs. of 
potash per acre and these were distributed in the different parts 
of the cane as under : — 



Parts 


Cao 


N. 


P 2 O s 


K*0 


lops 

Green leaves 
Dead leavea 
Cane 


6-73 
12-G8 
20- 53 
16-16 


9-43 
20-77 

2-53 
22-89 


14-04 

10-82 

COB 

38-50 


52-52 
5637 
"-1-68 
59-51 


Total ... 


6G-4B 


55-62 


63-41 


189-93 



Likewise in certain tracts on the east coast of Madras the 
quantities of these constituents removed by a, 30 ton crop were 
found to be 80 lbs. of nitrogen, 50 lbs. of phosphoric acid, and 
180 lbs. of potash or for a crop of 25 tons (to make the figure 
comparable with those of Mysore) 64 lbs. of nitrogen, 40 lbs. of 
phosphoric acid and 144 lbs. of potash. The large quantities of 
potash removed in both cases are very noteworthy and the lack 
of response to potash is therefore very difficult to explain. Many 
aspects of the manuring of sugarcane including even the funda- 
mental ones require investigation and clearing up. In practice 
the dose of nitrogen to which thert: is invariably a most striking 
response is increased as much as may be commensurate with the 
financial results of the application. Thus, doses as high as 
300 lbs. of nitrogen per acre are applied, made up partly of oil 
cakes and partly of sulphate of ammonia, the former for a more 
sustained effect and the latter for stimulating quick growth. As 
regards phosphoric acid, it small addition of 60 to 70 lbs. of 
phosphoric acid per acre in the form of ordinary superphosphate 
of lime is made not only because a small increase in crop does 
result but also because it is believed that the quality of the 
jaggery suffers and that the maturity of the crop is delayed if 
such one-sided manuring with nitrogen only is given. In the 
si me belief, and also in the fear that the soil may deteriorate by 
successive cane crops with only nitrogenous manuring, small 
doses of potash manures are also given ; the quantity is strictly 
controlled by the price of the article, being indeed left out 
if the price is prohibitive. The potash is given in the 
form of sulphate of potash in doses of one cwt. per acre. 
In general, about 20 to 30 cartloads of cattle manure as an 
initial dose, a fairly good dose of concentrated manures consist- 
ing of 5 cwts. of sulphate of ammonia, half a ton of groundnut 
oil cake, 1\ cwts. of concentrated superphosphate of lime and 
1 cwt. of sulphate of potash should be given per acre. In very 
heavy manuring and when the cost of fertilisers is not very high 
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or prohibitive, eveD an additional 2 cwts. o F sulphate of ammonia 
can be applied ; this will bring up the nitrogen to about 250 lbs. 
per acre. It is sometimes advised that the nitrogen may be raised 
even still further and that up to 10 cwts. of sulphate of ammonia 
can be advantageously applied, but this is very exceptional. 

Sets per acre. — The number of seed sets required for planting 
an acre will depend upon the closeness of the planting and of the 
kind of seed sets used, that is to say, whether they are long and 
contain many eye-bnds or are short ones containing only three 
eye-buds. The latter is the usual practice and of these 10,000 
sets will be required for an acre, as a minimum. 1 he widest 
planting may be taken as sets planted in pits one yard apart 
each way and at the rate of two seta planted in each pit, this 
will require about 10,000 setts in round figures. Planted in 
furrows drawn three feet apart and with the sets placed end to 
end in these furrows this same number will be required. If 
\furrpws , are made closer as .is customary in local., practice in 
Mysore, the number required will vary from 16,000 to. ..2.0,000 
<se,ts With tbe better varieties of cane, each of which will weigh 
about 4 lbs. on the average at maturity, there is nothing to be 
gained by close planting. When such varieties are planted at 
distances of three feet each way there should be about 5,000 
clumps per acre, and with an average of four canes per clump, the 
yield per acre will be over 40 tons which should be called a very 
good yield. Canes may go up to 6 lbs. each in weight and with 
varieties of good tillering habit, the yields will be of course very 
much higher. Close planting is however resorted to in order to 
offset the disadvantage of poor growth and also to economise the 
use of water, as it ia believed that much water is wasted .if the 
rows are wider. Even sets with onlyone eye-bud have been 
planted in wide rows and good yields obtained in experiments in 
Dharwar, Bombay Presidency. The matter of great importance 
in seed sets is the soundness and vigour of the eye-buds, so that 
every one of them will sprout and grow quickly and 
uniformly. 

The quantity of canes to be cut for furnishing seed for an 
acre will, of course, differ greatly from variety to variety according 
as the variety is a thick cane or thin cane, For example, in a 
thin variety like H. M. 602, 6,860 sets each containing three eye- 
buds weighed one ton; in the case of thicker varieties like 
H. M, 553, and Babbur Striped, a ton of similar sets gave only 
5,900 and 3,500 sets, respectively. There is always a certain 
number of seed sets which have to be rejected, because they are 
not sound or because they become split when cutting; this 
wastage will amount to 3 to 5 per cent, and this percentage will 
therefore have to be allowed for in cutting cane for 
seed. 

Tillering of Cane.— Closely connected with the spacing of 
the cane sets is the number of tbe tillers that may go to form a 
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clump of cane. The first shoot to appear from an eye-bud is 
the main or the mother cane. From the underground 
nodes of this main or mother cane, begin to appear other 
shoe is at successive intervals and these gradually grow into 
canes, younger than the main cane by the interval of time 
between their appearance above ground. Such shoots continue 
to appear for several months after the planting of the cane and 
every time manure is applied, this process is stimulated. At the 
harvesting season therefore a clump "will contain a fully ripe 
' mother ' or main cane and a number of other canes of varying 
degrees of ripeness, the older among them being fairly mature 
and those that appeared later being immature. As all these are 
harvested together, the juice of these latter class of canes reduces 
the quality of the mixed juice, with consequent detriment to the 
resulting product whether jaggery or sugar. It will be desirable 
to have all the canes comprising a clump equally ripe for milling, 
but, as this is impossible, it is attempted to see that the youn- 
gest cans in a clump does not differ very much iu age from the 
mother cane or older cane, to keep the difference in fact within 
about three months. Eor this purpose all tillers appearing after 
jtbout three months or four months from the planting of the 
cane are removed. Where the cane is planted wide, the 
tendency for such tillers appearing is more and the tillers as 
they appear have to be removed. Where the canes are planted 
closer, or where the growth has been very luxuriant, the 
tendency to tiller is somewhat suppressed and the newer shoots 
have no chance to grow being crowded out, so to speak. In ■ 
practice therefore every endeavour is to be made to encourage 
profuse tillering within the first three months and later onto 
remove new tillers as they arise, so that the canes that are left 
and allowed to grow may receive the maximum nourishment 
and attention. 

Varieties differ markedly from one another in their tillering 
capacity and in the case of the heavily tillering varieties, the spacing 
can be increased. The variety called " Cheni " in ^_ J^sor^) 
belongs to this class and the thinner varieties as a Title r filler 
more than the thicker varieties. In this variety (as indeed in 
many others) the first shoot is often killed by the shoot borer 
and this damage stimulates the appearance of the tillers 
materially. The Cheni cane can be planted quite 4' or even 5' 
apart each way, the free and the profuse tillering may often give 
rise to as many as a dozen- canes to a clump, most of them 
maturing by the time of the harvest. Varieties also differ in the 
length of time they can be left standing after they have become 
ripe enough for milling, some can be milled over a period of 
three months while others deteriorate rapidly. Obviously the 
latter type of canes cannot admit of as much tillering as the 
former. Analyses of bulk juice from fields on which the milling 
•was spread over some months are given below, to show how 
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good in this respect a variety of the non-deteriorating type 
can be : — 





Sucrose 


1st V, 


'eek of harvest ... 


20-25 


2nd 


do 


20 76 


3rd 


do 


20-89 


4th 


do 


20-60 


7 th 


do 


20-96 


Bth 


do 


20-73 


9th 


do 


1 20-49 



Grlucoso 



0-41 
0-33 
0-4-J- 
046 
0-60 
0-68 
0-67 



Even in the 9th week after the commencement of the 
harvest, the juice of this particular variety — the " Pattapatti or 
local striped " remained sufficiently high in quality and although 
the glucose content was slightly higher than at the beginning it 
was well within safe limits. 

Method of Planting and Irrigation. — The soil for the plant- 
ing of the sugarcane has to be very thoroughly prepared. Ploughing 
with deep mould broad ploughs or digging the soil with hand 
tools lias to be given, and repeated after intervals for the 
weathering of the soil. Stubbles, weed growth and roots are 
completely removed, saDd, red earth and tank silt carted and 
mixed, and if possible sheep also folded. Cattle manure is now 
carted, spread and ploughed in and then the furrows or pits foi 
planting are made and the field laid out for irrigation. 

The planting of the sugarcane sets is either in furrows or 
in small pits and the irrigation is by surface flow along the 
furrows or by watering with pails in the pits when the cane is 
young followed by furrow irrigation when the canes grow up or 
by means of sub-soil irrigation. 

In the case of furrow planting, the distance between the 
furrows varies from 18" to B three feet, andlhougb, ..the. former is 
rather the common old practice, it is being largely replaced by the 
wide 3' planting. This wider planting has been standardised in 
the Targe caue-growing tract of the Irwin Canal area of Myspj,e, 
as the most suitable. In this method after the field Is well 
ploughed several times, cattle manure is applied and mixed and 
the soil levelled. Deep furrows about a foot wide and about 9" 
deep are then made at distances of three feet from each other, 
and parallel to the irrigation ditch. The furrows are made either 
by a good ridging plough or by hand tools like large hoes or 
'mainmatis' ; across these furrows and at right angles to the ditch 
narrow irrigation furrows are drawn at distances of 12' from 
each other. Prom the irrigation canal water is let into these 
smaller canals or furrows and from these water flows into the 
cane furrows on either side one after another. After the cane 
grows up and the cane rows finally earthed up, these little 
irrigation channels are given up and are converted by a little 
earthing up into a dividing ridge between two beds. Irrigation 
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is then given direct from the main channel above the furrows ; 

the Welder enters from this channel into the first furrow at one 

end of the furrow and flows along up to the dividing bund ; at 

this end a little gap is made in the cane ridge through which the 

water is turned and flows in the opposite direction to the first 

furrow; after filling this furrow it turns' into the third furrow 

through a similar gap in the second cane ridge and flows in the 

dhection opposite to that in the second. All the furrows in the 

bed are thus irrigated one after another by a sort of a zig-zag 

flow. In the same way the beds are also irrigated directly from 

the main channel. The cane furrows in these beds are about 

ten feet long and take usuaiy eight sets. The length of the beds 

depend much upon the slope of the land, being limited by the 

siise of the terrace. If the slope is slight or almost level, a bed 

may contain about twenty rows. 

The pit system of planting is adopted on the stiff black 
soils in the areas under tank irrigation which are flat and some- 
what difficult of drainage. In these places the cane fields are 
first well prepared by ploughing or digging and are then laid 
out into long narrow beds about nine to twelve feet wide and 
divided by trenches about two feet or two and a half feet in depth 
and 10" to 1' in breadth, and the earth from the trenches is 
thrown on to the beds. The beds are then well dug again and 
levelled and small shallow pits about 9" in diameter and 6" in 
depth are made in three rows in such a way that the pits are 
about three feet from each other. This is called the " square " 
planting. Alternatively pits are also made on the " scissor " 
style, or a triangular system. The pits are manured and then 
the cane sets are- planted at the rate of two sets per pit. Water 
is allowed into the trenches, in which little depressions or 
" wells " are made at convenient distances. From these wells 
water is taken in pails and the pits watered frequently'; as the 
canes sprout and grow up water is made to stand in the trenches 
and splashed on to the beds. In the later stages when earthing 
up has to the done, the clumps are earthed up individually into 
hills. Should the canes need it, which happens especially in the 
hot weather, the water in the trenches is also made to flood the 
beds by making it up back up by means of little bunds. When 
heavy rains set in, the trenches act as drainage ditches. In the 
tracts where this system is practised, a numbe.r of vegetables like 
greens, onions,- radishes, coriander, etc., are grown as catch 
crops on the beds when the canes are young. 

Elsewhere though the pit system of planting is followed, 
earthing up is done in rows of ridges, so that ridges and furrows 
alternate, and irrigation is given in the furrows. This system 
is followed when the need for drainage is not so great as in the 
first method of pit planting. 

In planting cane in furrows in some cases the cane sets are 
planted in a double row in the furrow on opposite sides 
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of Hie furrow instead of io a single row in the bottom of the 
furrow. 

The sets are planted by laying thern flat and pushing them 
into the soft mud, or planted on a slant so that a short length 
of the cane set above the last eye-bud is sticking out and is 
visible. The cane sets should be so. planted that all the eye-buds 
point sideways and not up and down; in the latter case the eye- 
bud or buds pointing downwards may not sprout properly and 
only those pointing upwards may come up, with the result that 
the germination is not full or uniform. With regular irrigation 
the cane sets germinate in ten to fifteen days from planting, 
and in aDother week the shoots are all showing well abuve 
ground and commence to grow vigorously. 

Weeding, Manuring, Earthing up and Combating Borer 
Attack. — The rows are now weeded and with every weeding it 
will be advisable to give light doses of snlphale of ammonia or 
oil cake manure in order to encourage rapid growth and tillering. 
Germination may not always be satisfactory, owing to pjor seed 
pels, or sets having been eaten up by white ants or due some- 
times to borer attacks and gaps may occur in all such places. If 
these blank places are many then it will be advisable to replant 
in those places. J^or this purpose a small nursery should be 
available, which should have been planted simultaneously with 
the main planting and from this, plants in about the proper 
stage of growth will have to be transplanted in the gaps. With 
every weeding and manuring a light earthing up should be done 
also so that the furrow bottom or pits fill up gradually. In tracts 
where it is customary to apply the leaves and flowers of ' honge ' 
tree, the flowers are spread in the furrows, and the leaves are 
laid in buudles along the middle of alternate ridges and buried 
in shallow trenches made in these ridges. In tracts where the 
attack by shoot borers is serious, a simple remedial method is, to 
earth up the cane lightly either by hand or by a shallow plough, 
so that the bases of the young leaf are covered with earth and 
the young borer larvse cannot descend dowu along thetn into 
the heart of the shoot. Attacked shoots will have to be looked for 
from the time the canes germinate ; these shoots begin to wilt a 
little and if removed at this stage they will be found to contain 
the larvas which can be destroyed and further injury prevented. 
"Removal of the shoot when it is dry and the attack shows up 
very conspicuously does not do much good as the larvro have at 
this stage left the shoot and passed on to another. 

About the third or fourth month from planting a heavy dose 
of manure, of both sulphate of ammonia and oil cake is applied in 
the furrows and the furrows are fully covered and earthed up by 
splitting the ridges, which are now converted into furrows. The 
application of oil cake at the different stages is most conveniently 
done by applying the powdered cake in the furrows. Cultiva- 
tors do not wish to go to the expense of , crushing the cake to 
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powder or purchase milled cake, and in such cases the cake is 
allowed to soak in water overnight when it crumbles into powder, 
can be stirred up in water and applied as a mash to the row. 
Another variation is to put a bag of oilcake in the place where 
the irrigation water enters the bsd and allow it to be slowly 
washed in to the cane rows. Even after the cane rows have 
been finally earthed up, manure may have to be applied if the 
growth is not satisfactory, either in the furrows themselves or as 
is sometimes done in the case of sulphate of ammonia by push- 
ing down a crow-bar or heavy stick near the canes on the rows 
and dropping the manure into the deep holes made in this 
manner. 

Wrappirig and Propping. — Further operations in the cane field 
are, wrapping and propping. Wrapping is the process which 
consists in bending down one or more of lower leaves of the 
cane and wrapping it around and close to the cane stem ; at 
the same time the canes in the clump after they are wrapped 
are tied together. Any new shoots coming up are removed also 
at this time. The wrapping begins when the cane is about five 
months old and is repeated at intervals about four times. During 
the later wrappings two or more cane clumps are tied together 
for additional strength and to prevent their lodging. The wrap- 
ping is an expensive operation and requires considerable labour 
which has to be done by hand. An acre may require 20 men 
for each of the first and second wrappings, 15 men for 
each of the third and fourth wrappings. The local striped cane 
(Pattapatti of Mysore) and the Rasdali are top heavy canes and 
are liable to slant away considerably with the risk of breaking or 
being blown down flat, unless a certain amount of propping is 
done. Usually the tying together of the canes in a. clump and 
of two or more clumps is sufficient to prevent any serious lodg- 
ing, but in certain tracts, lodging is completely prevented by the 
use. of strong bamboo props. For this purpose the tops of two 
adjacent rows are brought near each other and tied to a long 
leather rope running the full length of rows and fastened at 
either end by strong bamboo supports. In the cyclone belts of 
the east coast of Madras, this propping is invariably done and 
bamboo uprights and cross poles are used for this purpose. In 
recent years the cross poles have been replaced by more perma- 
nent materials such as thin wire ropes. Propping bamboo 
uprights and cross poles are said to cost Rs.150 per acre, and to 
last for three years. 

The wrapping of cane though fairly general in Mysore is 
not carried out as a general practice elsewhere. The advantage \ 
of the practice is, besides what has already been indicated, firstly ] 
the protection of the cane from the attack of jackals, wild pigs, 
etc., which the close covering with the somewhat prickly rough 
dry cane leaves affords ; in the case of the soft canes, this is a 
material consideration. Secondly the covering also prevents to a 
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large extent the splitting of the internodes which is common in 
exposed cane in the soft varieties ; thirdly there is the general 
tidiness which enables labourers to move about with ease, in 
contrast with unwrapped fields which often look like an 
impenetrable thicket. Moreover in varieties with coloured rinds \ 
the colour does not develop if the canes are well covered and. in j 
these the wrapping is therefore a special advantage. Experi- ^ 
ments conducted with a view to finding out if the wrapping 
leads to a higher yield per acre or conversely if the non-wrap- 
ping lowers the yield are not conclusive but indications are that 
it does not affect the yield. In the case of the hard erect canes 
of strong upstanding habit the practice can be dispensed with, as 
indeed it is done even with a local cane like "Cheni"; with the 
new seedliDg canes like H.M.320 now being grown extensively, 
no wrapping is attempted. 

With regular irrigation canes make rapid and uniform 
growth. Whenever there is a lack of sufficient irrigation the 
internodes do not attain their usual length and become short, 
and portions of caues in which the "internodes are shorter are 
those which developed when water supply was not adequate, 

The optimum requirement of irrigation water on fairly 
retentive soils was found to be 95 acre-inches, including the year's 
rainfall, given roughly at intervals of ten days. On the loams 
and less heavy garden soils the requirement may go up to 120 
inches. The months of May to November, that is, from the fifth 
to the tenth months, the irrigations are heaviest and during the 
early and late periods the requirement is comparatively less. 

Harvesting.— When canes become ripe for harvesting and 
milling, the appearance of the leaves and the cane itself in some 
varieties slightly changes, the succulent tender green of the 
leaves changing slightly into a dry, yellowish and ripe tint. 
Depending on the variety, maturity may be looked for from ten 
months onwards. When the cane crop is considered mature^it is 
usual to confirm it by means of a trial boiling in which canes 
enough for one charge are cut, milieu and boiled, and the ripe- 
ness of the cane judged by the quality of the jaggery. If good 
hard jaggery is made without difficulty, then the general harvest 
can begin. Ripeness can also be decided by a chemical test of 
the cane juice. For this purpose, average representative 
samples of the cane are cut from the different plots, say about 
six canes from each, and each lot is milled separately and the 
sucrose, glucose and the Brix are determined. Caneswith a 
glucose content of half a per cent and. less may be taken" ai ripe 
enotigFIbr milling. If canes begin to flower or "arrow" it is 
sometimes taken as a sign of ripeness, or rather as the sign that 
the correct stage has passed and the cane is over ripe. Though 
as a general rule canes flower only at the end of their growth, 
there are many cases where they do so long before they attain 
maturity. As has already been explained, it only means a 
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cessation of further growth and when it takes place much 
earlier than the normal period, a considerable reduction of ton- 
nage. The juice continues to improve in quality arid deteriora-. 
t-ion sets in only afber several weeks. Arrowed canes can indeed 
be left for several weeks on the field without the juice losing 
quality. 

It must be stated however that deterioration takes place in 
other respects if arrowed canes are left long without harvesting; 
thus the interior of the cane becomes pithy and hollow, and aide 
shoots grow from the eye-buds. "Whatever test may be used to 
decide the ripeness of the cane it will be desirable to confirm it 
by a trial boiling ; this is especially so when a chemical test is 
not found possible. 

Canes for milling are cut down level with the ground and 
;ire stripped of the dry leaves; the top is cut off where the 
internodes appear to be young, and from where the stripping of 
the young leaf becomes rather difficult. Some judgment is 
necessary as to how much of the top portion is to be cut off 
without including too much young cane and at the same time 
without losing much millable ripe cane. 

The tops so cut and removed will furnish, after the green 
leaves are cut away, one or two sets each for planting. The cane is 
now cleaned of side shoots, if any, and the knife is passed over 
the full length to remove any prominent eye-buds. Milling 
should commence without undue delay after the canes are cut ; 
if they are kept long, deterioration of the juice will take place. 
The following table shows .the deterioration taking place 
in cut cane: — 



Composition on 


Sucrose 


Glucose 


Brix 


3rd day after cuttiDg ... .,, 

6th. do 

7th do 
10th do 
12th do 
Hth do 


17- S 

13-16 

12-9 

15 5 

10'87 

10'68 


0-87 

8-5 

4-7 

51 

6-9 

C-87 


17-7 
17-8 
17-7 
17-9 
17-0 
17-1 



N.B.— Calculated on original weight of fresh oane. 

The deterioration continues steadily as the canes are kept 
longer but the above figures are sufficient to show bhe extent of 
deterioration. 

Where cane has to be transported long distances, delays are 
inevitable and the above table shows how detrimental such 
delays can be. 

Milling, — The milling is conducted in bullock-driven mills 
or in power-driven millu and in the latter case either only in one 
set of rollers or successively in a series of several sets of rollers, 
In olden days cane was crushed in mills with a pair of wooden 
rollers or in a mill resembling a country oil mill. These have 
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now gone quite out of use and the bullock-driven mill of three iron 
rollers is the commonest in use at the present time, and on its 
efficiency depends a good proportion of the returns from sugar- 
cane cultivation. These iron mills will extract from 55 to 65 
per cent of the juice calculated on the weight of the cane, a range 
which is equal to a difference of half a ton of jaggery on a crop 
yielding three tons of jaggery per acre. An efficient mill set up 
properly working and with the rollers in the best positions is of 
great importance, Both the mill and all the receptacles for 
holding the juice will have to be kept clean and washed with 
boiling water before work is started in order to exclude souring 
organisms as far as possible ; for the same reason metallic 
vessels and receptacles are to be preferred to the earthenware 
pots or holders The milling is to be preferably conducted in the 
cool hours and the juice boiled without delay. If the juice has 
to be kept for any length of time after extraction, then it has to 
be limed soon after extraction, and.'*' this is especially so if the 
receptacles are earthenware pots.** 

Jaggery Boiling. — The boiling of the juice is conducted 
over an open fire in large shallow iron pans with flaring 
sides. These may have a diameter of about three feet 
at the bottom, and six feet at the top, and are thirteen 
to sixteen inches deep. Pans are made sometimes of 
copper. The furnace is generally crude with no grating or 
chimney, sometimes not even an ash hole, and great quantities 
of wood fuel both logs and brushwood are used. The boiling of 
the juice from start to finish is conducted in one and the same 
pan, which when the charge is nearing completion, is taken 
down from the fire. Many improvements have however come 
in, in recent years both in furnace construction and in the 
method of boiling. Furnaces are now constructed with proper 
grating, baffle walls and chimneys and so are well adapted for 
fuel economy and for the burning of begasse or cane trash. 
Furnaces are again either single or multiple. The single pan 
furnaces use only one pan for the boiling of the juice, but the 
multiple pan furnaces are adapted for the boiling of the juice in 
two or three stages using two or three pans, Alternatively, the 
first two stages may be over one of the furnaces while the last 
stage may be over a furnace fired separately though connected 
with the main series or independent altogether. 

From the sketch given of a simple single pan furnace of 
the improved type, the general idea underlying the construc- 
tion will be easily understood. Two or more such single pan 
furnaces may be so constructed as to have only one chimney 
serving all of them. In multiple pan furnaces, the furnace is 
continued in two steps one above the other, the fires passing 
from the first or lowest to the next higher one, and from thence 
into the third or topmost one and then into the chimney, so that 
the heat of the fuel is utilised as fully as possible. In the 
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multiple types, the fresh juice is put into the topmost pan, where 
it gets moderately heated ; it is then drawn into the second 
where it is further concentrated and drawn lastly into the lowest 
pan, i.e., over the hottest fire ; this pan is called the "strike" 
pan. As the juice is drawn from one pan to another, it is strained 
through thick cotton or woollen cloth and is considerably purified. 
As already stated, tbe 'strike' pan may be boiled over a separate 
furnace altogether and the main furnace may carry only two 
pans. 

In the jaggery boiling process with the single pan, the 
fresh juice is first poured into the pan through a cloth strainer 
which keeps out bits of begasse, trash, dirt, etc. The quantity 
varies from 200 lbs. to 4.00 lbs., according to the custom of 
the tract, about S00 lbs. being more or less general. The juice 
is immediately limed by pouring freshly slaked lime water 
strained or decanted to free it from grit. Enough lime water is 
added to bring tbe juice to neutrality as tested by the litmus 
paper. The heating is now started, As the heating progresses, 
a dark coloured scum rises from the juice and continues to 
collect on the surface and becomes quite thick enough to be 
called a "blanket". The heating is controlled so as not to 
allow the juice to boil at this stage, so that the " blanket " firms 
up and is not. broken. This scum is now removed by skimming 
off with a skimming ladle. All tbe scum is thrown on to a 
wicker basket lined with a coarse cloth which is placed 
o\er the pan supported on a pair of bamboos resting 
on the rim of the pan, or over a separate vessel. 
As the scum carries a certain quantity of juice with it, this 
arrangement makes it possible for this juice to slowly filter 
through back into the pan or other receptacle from which it is 
later transferred to the pan. As the heating proceeds more 
scum rises, collects in patches here and there, and is skimmed off. 
A good deal of the non-sugar materials in the juice coagulates 
and rises in the form of scum and the removal is a form of 
"defecation" of the syuup. The boiling proceeds vigorously 
and the juice goes on concentrating. A good deal of scum and 
impurities still exist in tbe juice andfuither cleaning is attempted 
by the^ addition of milk, white of eggs, or the mucilagious juice 
of the ' beudhe' (Hibiscus esculentus), all of which aid in coagulat- 
ing the impurities which rise as more scum and are removed by 
skimming. The syrup now thickens very much and the boiling 
is brisk. The consistency of the syrup is now frequently tested 
to see if tbe charge can be taken down. Experience alone 
enables one to judge this stage ; a little syrup is taken up at the 
end of a stick and held up, to judge the consistency from the 
way the syrup drips ; or a little of the hot syrup is taken between 
wet fingures and kneaded under water to see if it will properly 
solidify. A thermometer can be used for affording some 
guidance, the temperature at the ' strike 1 stage is usually about 




An improved type ot single pan jaggery boiling furnace, sometimes called ' Rindlmvalii' 
furnace. < c __~ 

The step grate, tlw baffle wall and the chimney are the special features. 

[Agricultural Department, C. P. and Berar. 
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118° to 120°C and the charge is generally ready to be taken 
down at this temperature. It is usual to attempt a certain 
amount of bleaching of the syrup during the last stages, 
and for this purpose a small quantity of sodium hyposulphite is 
sprinkled over the syrup and well stirred in. 

The boiling syrup in the pan is kept frequently stirred up 
through its mass with a long handled stirring board, both to 
assist the evaporation and to prevent charring or "carmelisation". 
When the charge is taken down, the thick syrup is kept stirred 
up all through its mass with the same stirring board, to assist in 
cooling and crystallising. 

When the charge is ready to be taken down, the pan itself 
is taken down from the fire or the contents are transferred to a 
separate pan or into a cooling trough by tilting the boiling pan 
into the latter ; the syrup is now kept continuously stirred 
throughout its mass with the stirring board, it cools and thickeDS 
and considerable separation of fine crystals also takes place ; it is 
soon ready to set solid, and for this purpose it is poured into 
wooden or other moulds of different shapes and sizes aecording 
to the custom of the place or is taken between the hands and 
shaped into balls, large or small. The commonest moulds give 
little truncated pyramids with bases about 3" Square, of which 
one hundred will weigh about tiG to 70 lbs. Large and rectan- 
gular blo:ks are made by pouring the charge into a rectangular 
wooden box and cutting it into four or eight pieces by meaus of 
wooden partitions. The charge is sometimes poured into a 
rectangular depression on the ground about 2" to 3" deep and 
covered with a date mat in which the jaggery sets in the shape 
of a large thin slab about l^" to 2" thick, and is then broken 
into smaller pieces. The ordinary zinc buckets or cylindrical 
vessels also sometimes serve as moulds, which give blocks like 
large cheeses. Very small wooden moulds are also used which give 
little cubes almost like chocolates. The moulds are made either 
in a single log of wood in which the moulds of the proper 
size and number are cut out, or by means of long sections which 
when placed side by side and clamped together form a kind of 
' knockdown' type of mould board. In the first type of mould 
after the jaggery has set in the mould, the log is turned upside 
down and tapped with mallets, when all the jaggery cubes drop 
down. In the latter type, the jaggery blocks are released from 
the mould by loosening the clamping screw. 

Instead of being put up as a solid mass of one or other of 
these shapes, jaggery is also produced in the shape of -powder 
which resembles brown coloured sugar. For making this powder, 
the syrup undergoes a somewhat more thorough skimming and 
cleaning and when the charge is ready, it is transferred to the 
cooling pan, in which as it solidifies it is rubbed down in the 
pan itself by means of long-handled wooden mallets continuously 
without allowing any lumps to form until a fine yellowish brown 
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su<mr results, which Bells under the name of "makudam" 
sugar. 

In the Malnad tracts of Mysore, the making of solid 
jaggery is not attempted, aa even the best of such jaggery begins 
to soften and run in the rainy months. The charge at the 
'striking' stage is transferred instead to mud pots or clean empty 
kerosine oil tins and either stored or sold in that form ; it keeps 
as a mixture in varying proportions of masses of crystallised 
sugar with molasses. 

Quality and Composition of Jaggery. — The composition of 
jaggery varies a good deal, especially in the proportion of the 
sucrose content to the glucose, depending upon the efficiency of 
the method of jaggery boiling. Where liming has not been 
done or done partially, there is much inversion taking place 
which results in a high glucose content and a proportionately 
reduced sucrose content. In addition are various impurities due 
to poor filtration of the juice, inclusion of scum, etc. The 
following table gives the composition of a few typical 
samples : — 



SI. No, Moisture Sucrose Glucose Soluble ash 



Remarks 



1 


6-1 


79 '7 


G'6 


2'7 


3 


3'5 


78'4 


8-7 


3-2 


II 3 


9'6 


70'0 


15-6 


3-8 




91-4 


2'8 




• 6 


..» 


85-1 


2-8 




te 


... 


810 


5'8 





Poor sample. 

Do 

Do 
Good sample. 
Average 9u.nvple 

Do 



The points which decide the quality of a jaggery are its 
colour, cleanlines and hardness and its tendency to remain hard 
even in the wet- weather. The colour is most important from the 
point of view of the ordinary consuming public, a light yellowish 
tint being most fancied. Good colour is generally attained by a 
complete removal of the non-sugar matters in the juice, and 
controlled heat to prevent caramelisation aided by some degree 
of decolouiisation. The removal of the impurities and non-sugar 
matters is effected by the initial liming of the juice which brings 
down a heavy precipitate, besides neutralising the acidity of the 
juice and preventing inversion, and the consequent increase of 
glucose content and the tendency to softness in the jaggery. 
Any excess of lime darkens the juice and the jaggery and a slight 
acidity towards the end of the boiling tends indeed to lighten the 
colour. . The removal of the non-sugars is effected only by 
mechanical means, such as through skimming and, where 
multiple pans are used, by filtering also, preferably through close 
woven flannel. To the extent to which these impurities are 
rernrved from the syrup, the colour improves. Caramelisation 
cannot be entirely prevented in boiling the juice in pans over a 
direct fire, but carefulness can reduce it considerably. Heating 
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by steam coils in what is called a " Wetzel " pan is adopted some- 
times but is not profitable except when very high prices rule for 
jaggery. Decolourising the juice to some extent by the use of 
" activated carbon " to filter the partially concentrated juice is 
resorted to, as well as the use of phosphoric acid, and of hypo- 
sulphite of soda at the "strike" stage. These arrangements 
will require the use of two or three pans and a suitable multiple 
furnace. When jaggery of such purity is made, the outturn is 
naturally smaller than when jaggery of ordinary quality is made 
and unless a high price commensurate with the quality can be 
had, it does not pay to make it. Even as ordinarily made, the 
removal of the scum will mean a reduction of about two percent 
in the outturn of jaggery, but where special care is taken for the 
very complete removal of the non-sugars, the reduction may be 
much higher. It must be noted that for a certain number of 
sweet preparations in Indian householdSj the ordinary quality 
is preferred on account of the high glucose content. A very high 
grade jaggery called " cream jaggery " is now being made, the 
filtration of the juice through "activated carbon " being the chief 
feature of the process ; attention is also paid to all the points 
regarding the preparation of good jaggery described above. 

The outturn of ordinary jaggery with local bullock-driven 
mills will vary from ten to twelve per cent on the cane, and from 
eighteen to twenty per cent on the juice. Varieties of cane and 
differences in methods of milling, and jaggery- making may lead 
to considerable differences in the outturn. 

The milling of cane and the making of jaggery are usually 
carried on on a co-operative basis by a number of cultivators, by 
which method considerable expenditure is saved. Canes may be 
sold as standing crop to people who make a business of buying 
such crops as a speculation for conversion into jaggery and sale. 
Cane-milling and jaggery-making are let out on contract to pro- 
fessional people who go about in gangs with mills, pans and other 
equipment and buffaloes or bullocks and take up this work. 
Alternatively the work has to be done by paid labour, mills, pan, 
etc., being brought on hire for the season. The cost of making 
jaggery in this case may amount to five annas to six annas 
per maund of 25 lbs. 

Yield. — The yield from sugarcane in South India is usually 
reckoned in terms of the jaggery obtained, The yield depends a 
great deal upon the method of cultivation, especially of manuring 
and irrigation, and upon the variety of canes planted. A good 
yield of jaggery may be put down at &00 mds. of 25 lbs. per acre, 
which will correspond to about 30 tons of cane per acre. The 
average yield however varies a great deal and is very much less 
than the above yield and may be taken as. about 200 maunds 
corresponding to tonnage of about 20 tons an acre. With the 
heavier yielding varieties and with very large doses of manure 
comprising cattle manure, oil cakes and sulphate of ammonia, 
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much higher yields are obtained, and the tonnage of cane may 
go up to 45 tons per acre. It is however possible on the fertile 
clayey loam soils under perennial irrigation to increase tne yields 
still further. Crops raised for prize competitions in Mysore have 
reached 70 tons an acre, and in Southern and Central Bombay, 
similar prize craps have reached even 104 tons per acre. These 
are raised on comparatively small areas and under exceptional 
conditions, but they at least demonstrate the possibilities. 
Under normal field conditions, a yield of 40 tons per acre may be 
taken as a high yield and 40 to 45 tons as a very high yield 
for canes which mature in about twelve months. In varieties 
whose period extends over eighteen months or more, extraordi- 
narily high yields are possible with heavy manuring, regular 
irrigation and uninterrupted growth. Record yields of even 18"5 
tons of sugar per acre are reported from Hawaii, which will 
correspond to 185 tons of cane per acre. 

Scgae Making. 

(a) ' Boora ' Sugar. — The making of white sugar is carried 
on in large scale sugar factories and the methods of manufacture are 
too elaborate to be described here. The student should however 
possess a general idea of ' the principles and to these reference 
will now be made. Indigenous sugar called " boora " sugar in 
South India used to be made from ancient times until recently, 
when the enormous import of cheap foreign sugar made the 
production of indigenous "boora '' sugar quite unremunerative. 
In this process the cane juice was treated and boiled in the same 
way us for jaggery, but the boiling was stopped a little before 
the jaggery stage, and the thick syrup called Rab (or mas- 
scuite, in modern sugar making) was poured into earthenware 
pots and stored. The ' rab ' cooled and crystallised in the pots 
and after this was complete, the nest process of separating the 
crystals from the liquid portion or the molasses began. This 
was done by breaking the pots, removing the contents and 
packing them into large closely plaited wicker baskets placed 
on a frame work over large brickwork cisterns or tanks into 
which the molasses drained gradually- The separation of the 
molasses was facilitated by covering the top of the crystalline 
mass in the baskets with a thick layer of tank moss, the moisture 
in which trickled down through the mass carrying considerable 
dilute molasses and of course a little dissolved Sugar with it 
into the tank below. The moss had a certain amount of bleaching 
action also. This was repeated for several days with a change 
of the moss every time until the sugar was pure enough. The 
crystalline sugar was then taken out, dissolved in water, and 
boiled as for jaggery, but in much smaller pans with the addition 
of milk every now and then which brought up the impurities ; 
these were carefully and thoroughly removed by skimming. 
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At the 'strike' stage the pan was taken down and the mass as it 
cooled was rubbed down with wooden mallets into a fine powder, 
— the soft " JRoora" sugar of the trade. 

(b) li^fined Sugar. —The manufacture of white sugar in 
modern factories is in two ways, viz., (1) the making of refined 
sugar, (2) the making of "plantation white" or "direct con- 
sumption " sugar. The former deals with jaggery or raw sugar or 
refining crystals as the raw material and the latter has the cane 
itself as the raw material and the factory is therefore situated in 
close proximity to cane fields. The former may be situated in 
any manufacturing town in any part of the world where sugar- 
cane itself may be unknown. The jaggery, raw sugar or refining 
crystals are made at the centre of cane production and are 
shipped to the refineries. Divested of manufacturing details, the 
processes in a refinery are (1) dissolving the jaggery in water and 
the removal of the impurities by filtration, (2) the decolonisa- 
tion of the filtered solution by bone charcoal, by allowing the 
juice to percolate through hone charcoal packed in tall towers, 
(8) the evaporation of the juice and concentration by steam 
heating in vacuum pans, that is, under reduced pressure, and its 
conversion into " masscuite ", (4) the separation of the sugar 
crystals in the masscuite from the molasses by centrifugals, (5) 
drying and crushing the sugar. 

(c) 'Plantation' White Sugar. — In a "plantation 
white " sugar factory the process includes the crushing of the 
cane in addition while the filtration through bone charcoal is 
dispensed with ; there are however other arrangements for clean- 
ing or decolourising the juice which are somewhat less thorough 
than in the refinery. The process divested of manufacturing 
details is briefly as below : — 

(1) The Extraction of the Juice. — This is very thorough, 
the cane being passed successively through a series of three ot 
four mills each of them having three rollers ; sometimes- the canes 
are first shredded or lightly crushed in a two roller crusher. 
After the crushed cane passes the first set of rollers it is 
macerated ' or sprinkled over with water and then passed 
through the second set of rollers ; the maceration is repeated at 
the nest set of rollers and again in the following one also. 
(2) The straining of the juice and treatment with lime in 
"defecators" which are tall open tanks heated by steam and 
provided with gutters around the rim into which the "blanket" 
of scum is brushed. (3) Allowing the precipitate to settle and 
drawing out the clean juice. (4) ' Sulphuring ' ; passing sulphur- 
dioxide through the juice to effect a certain amount of bleaching. 

(5) Evaporating and concentrating the juice in a series of three 
or four vacuum pans by steam heating under reduced pressure. 

(6) Further concentrating this syrup into masscuite of the proper 
consistency also by steam heat under reduced pressure in a 
separate vacuum pan. (7) Drawing .the masscuite into cooling 
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tanks and further crystallising. (8) Centrifugalling the masscuite 
for separating the sugar with a alight washing by spraying water 
in the centrifugal and sometimes a little ' bluing ' with a dye at 
the same time. (9) Drying the sugar with hot air in special 
dryers and crushing the sugar to remove lumps and reduce it to 
a uniform powder. A lower grade sugar is recovered from the 
molasses of the first centrifugalling which contains generally 
considerable sucrose dissolved in it. The scum from the defeca- 
ting tanks is passed into filter presses and this juice is thus 
recovered and added to the juice at the third stage. The 
manufacture comprises a large number of working and mechani- 
cal details for which special works must be consulted. The above 
process is known as the " Bulphitation " method. 

Another method is the " Carbonatation " single or double. 
This method avoids the ' Sulphuring ' and instead comprises the 
liming of the fresh juice heavily to alkalinity, and precipitating 
all the impurities and then passing carbondioxide gas into the 
juice to precipitate the excess of lime. Later the impurities are 
eliminated by scum removal and settling, and the subsequent 
operations are essentially the same as in the sulphitation method. 

The extraction of the juice from the cane is almost univer- 
sally by the process of crushing the cane between rollers. There 
is however another method by which the juice can be extracted 
and which though universal in the case of the sugar beet has 
been adopted with sugar cane also to a very small extent. This 
process is called the " Diffusion " process. In this process the 
sugar cane is first sliced into very thin chips. The chips are 
packed into large receptacles where they are steamed and treated 
with water (or dilute cane juice). The cell walls are partially killed 
by the heat, and the sugar juice inside the cell diffuses into the 
water by " osmosis ". With fresh charges of water, the sugar 
in the juice is progressively depleted, until finally the chips are 
completely deprived of the sugar, and are rendered fit only for 
fuel. After the extraction of the juice, subsequenb treatments 
are in principle similar to the other processes. 

By-products. — The by-products in the manufacture of 
sugar are converted into many valuable articles of commerce, of 
which the following may be mentioned. The begasse or the 
refuse of the cane after the juice is crushed out is made use of 
for the production of paper, artificial silk, fibre boards (Oelotax 
and Vazcane), feeding stuffs and charcoal. The molasses are 
made use of for the making of rum, power alcohol, dry ice (solid 
carbondioxide), yeast, cattle feeds, road surfacing and for fertili- 
sers. From the filter press cake is extracted the sugarcane wax, 
which is used for the making of shoe polishes, and in the candle 
making and sealing wax industries. 

From the cane field itself great quantities of green cane tops 
and leaves are obtained when the cane is being harvested. These 
leaves and tops form valuable green fodder, which ia fed to the 
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cattle on the spot bat can be dried and stacked or converted info 
silage with other green fodder. The cane trash, that is, the okl 
and dried leaves of the cane which are stripped when trimming 
the cane at harvest, also accumulates in enormous quantities. 
While the most common way of disposing of this material is by 
burning it in the field, it can be made into a compost manure, 
which can be used later for the sugar cane crop itself or for other 
crops. Una method— the Indore method — of making this com- 
post is the following : — 

Cant Trash Compost.— On account of its texture and of its 
deficiency in nitrogen and soluble material, cane trash has to 
be mixed with considerable green vegetation, such as grass and 
weeds to make it decompose properly. The best way of adding 
this green material is to sandwich it between layers of trash, 
after moistening the former with a slurry made by stirring up 
cowdung in water in the proportion of 7*2 parts of fresh cowdung 
for every 100 parts by weight of green material along with three 
parts of wood ashes and five parts of earth. It may be also 
necessary to add both lime and bone-meal to the heap at the rate 
of half part of unburat lime and five parts of bone-meal per 100 
parts of the green material. Heaps eight feet in width and three 
feet in height and with length depending upon the quantity of 
trash available are made, the bottom consisting of a 4" layer of 
trash then alternating with If layers of green material and 
ending with a layer of trash on top. In a few days after the 
heap is piled, it is broken and remade as before with further 
addition of small quantities of green stuff. Where green mate- 
rial if? difficult to get, some sannhemp seed can be strewn on the 
heap. The growth of these plants in the course of three weeks 
will furnish sufficient material for addition at the next breaking 
up and remaking of the heap. 

Pests and Diseases. — The insect pests of sugarcane in 
South India that are of any serious importance are the following :-— 
(1) The moth borers of different kinds, viz., Argyria- sticticw- 
sjrns H, Diatrcea, W, and Scirpophaga nivella, F. These 
comprise borers which attack the primary shoot of the young cane 
and cause the " dead hearts ", which attack the top shoots of the 
half-grown and even maturing canes and those which attack the 
stems of the canes and bore into them. Of these the first is 
really the most serious, The moth lays a group of eggs on the 
young leaves from which the larvae emerge and crawl down into 
the shoot, cut the base of the shoot, bore through and pass into 
other shoots if available, and continue the damage until they 
pupate. The egg masses can be readily detected if looked for 
and one remedial measure consists in rubbing them off, The 
moths after emergence have the tendency to hide and rest under 
the shade and protection of any rubbish heap on the ground ; 
this habit is taken advantage of to destroy them by laying little 
heaps of cane trash here and there in the field as traps for the 
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moths ; they are attracted to the shade and protection of these 1 
heaps where they can be caught and destroyed. The cutting out 
of the " dead hearts " in good time and the earthing up of the 
cane with a country plough at this stage have already been 
referred to as other remedial measures. 

An efficient method for large scale application ia the " biolo- 
gical" method of setting free parasites of the borer moth. The 
egg masses of this moth are heavily parasitised by the parasitic 
wasps, — Trichogravuna sp. — which therefore effectively check 
the pest. The Trichogramma parasites are bred artificially on 
the egg masses of the moth destroying rice and jola. The 
eggs of the parasite are kept in cold st orage. When required they 
are taken out of the cold storage as and the wasps emerge they 
are released in the cane field, where they parasitise the eggs of 
the borer moth and thereby keep the pest under control. 

The other borers are of comparatively of minor impor- 
tance. The top shoot borer causes damage by making the 
canes send out side shoots from near the top nodes and thereby 
reduces the quality of the cane. The borer pest often gains 
entrance into the crop through affected seed sets ; if care is 
exercised in selecting only healthy seed sets, considerable relief 
can be secured. 

(2) Canes are sometimes badly affected with the mealy 
bngs—Trionymus sacahari, <•?. These cluster in large numbers 
in the internodes round at the base of the leaf sheaths, by which 
they are well protected, suck the sap and weaken the cine. 
This pest is probably incidental to cane weakened by want of 
sufficient irrigation or rainfall or manuring ; it is said to favour 
ratoon cane, but plant canes are also heavily infected. The 
damage however is not serious. 

(3) Cockchafer grubs in certain places cause a great deal 
of damage by gnawing off the lower portion of the cane and 
destroying the young clumps, and causing many bare patches in 
the cane field. Arsenical baits have been tried but not with 
much effect. ' Neem ' oilcake has been tried as a repellent with 
not satisfactory results. Digging out the grubs at the very 
first appearance and preventing an extension of the pest is about 
the only satisfactory remedy. 

(4) The omnivorous white ant is one of the destructive 
troubles of the sugarcane firstly at the germinating stage and 
later on when cane begins to suffer from lack of sufficient irri- 
gation. The use of repellents, the stimulation of growth in the 
younger stages by quick acting manures like ammonium 
sulphtate, heavy irrigation when possible, removal of white ant 
hills together with the queen ants in the nests, aud keeping the 
field free from dry sticks, leaves, etc., which may attract white 
ants are some of the remedial measures which have already been 
partly alluded to in connection with the care of the seed 
sets. 
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(5) Aa insect pest that has become very serious in recent 
years especially in Upper India is the ' pyrilla hopper ' — Pyrilla 
perjMisilia, W. This is an active straw-coloured bug which is found 
in all stages on the leaves of affected canes in very large num- 
bers; they suck the juke of the leaves and reduce them to a dry 
and shrivelled condition. The growth of the cane is seriously 
affected and the damage and re Suction in yield are both great, 
The egg masses are found as fluffy lumps on the underside of 
the leaves, and hatch into innumerable hoppers. The life cycle 
is only two months so that several broods may appear on the 
canes during thi season. There are no satisfactory remedies 
known. The insect is kept somewhat under control by natural 
parasites. The leaves can b<j sprayed with contact poison, but 
this is not always practicable. The removal of the lower leaves 
and keeping the stem clean has been found to reduce the pest. 
Moreover some varieties are immano or almost immune to the 
attack of the pyrilk and if otherwise suitable, these will have to 
be planted in preference to the susceptible ones. 

The diseases of cane due to fungoid, bacterial, virus or 
physiological causes are many and one of them at least, viz., the 
" red rot " disease should be classed as a serious one in South 
India, 

{a} The " red rot" is caused by the fungus Colletatriehum 
falsatum and is recognised by the red c<4oar«ttion which is 
noticed in the interior of the c;*ne when it is split open. The 
wilting and the slow drying up of the leaves and then of the 
cane itself, with a shrunken appearance and a lack of rigidity 
and a drying up of whole clumps in the same way even though 
there may be plenty of moisture in the ground are outward 
signs in an attacked field. The red colouration becomes more 
intense and spreads over large areas of the interior of the cane ; 
simultaneously spores are formed and are scattered from the 
rind at the nodes and from dried up leaves and leaf sheaths. 
The loss due to the disease is firstly a reduction in the tonnage 
of the cane consequent on the. drying tip of many clumps or 
individual canes and secondly a deterioration of the quality of 
the juice and difficulty in making the jaggery set properly, 
owing to the fact that- many canes wbich are partially or wholly 
attacked are included in the milling. 

The disease can be controlled only by strict attention to 
the nature of the seed sets planted which should not only be 
devoid of any red colouration giving cause to suspicion but 
should be cut from canes and clumps which are free from the 
disease. Infection through soil is also possible; and this may be 
largely prevented by a suitable crop rotation, by shutting 
out water flowing from infected fields, by preventing damage to 
cane by vermin and thereby shutting out the means of entrance 
to the fungus. Lack of drainage is a predisposing cause and 
increases the susceptibility of the canes. Varieties too differ in 
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their resistance to the disease, and the soft local oaties like ' patta- 
patti,' nnd ' rasdali ' are much subject to it, whereas the harder 
foreign canes and many of the seedling canes are fairly resistant. 
(5) Another disease also characterised by a discolouration 
of the interior of the cane is the" pine apple " disease caused by 
the fungus — Thielaviopsispamdoxa, The interior of the affected 
cane develops hollows along the length which also turns dark 
coloured to sooty black, this being the colour of the spores. 
Characteristic of the disease is the fruity smell, resembling that 
of the ripe pine apple, which the diseased canes emit. The 
disease gains access to the cane through wounds and, in the 
seed sets, through the open ends of the cut canes. The disease 
is however of only minor importance in India. It is the same 
disease known as the bleeding disease of the areca, and of 
cocoanuts, to which reference is made under these crops. 

(c) Cane Smut. — (Ustilago saacharl) is another disease of 
some importance and is particularly severe on the thin cane 
"cheni" in Mysore and is also found on other varieties of the seed- 
ling canes. The disease is characterised by the growing shoot of 
the the cane being converted into a sooty black whiplike growth, 
from which a cloud of black dust — being the spores of 
the disease— can be shaken down. Infection is through the 
presence of the mycelium in the cane sets planted, through the 
spores gaining admission through cut ends, wounds, bud hairs, 
etc. The affected canes can be seen in large numbers especially 
in the younger canes generally in the primaries ; the damage 
does not amount to much, as the canes often make up by a 
somewhat free tillering. Smut is seen in older canes also but 
not on such a scale as to affect the yields materially. 

(d) The "mosaic" disease of cane has become some- 
what serious in recent years especially after the large number of 
varieties of seedling canes came into cultivation, though perhaps 
in a less conspicuous form it may have existed in the country 
even before. The outward characteristic of the disease is a 
mottling of the leaves produced by white blotches and streaks on 
the green background of the leaves. The loss due to the disease 
arises from a general weakening of the growth of the canes, a 
stunted growth being a prominent feature. The effect of the 
disease is therefore a material reduction in tonnage. The 
composition of the juice does not seem to suffer and affect the 
quality of the jaggery, except when the disease is in a very 
advanced stage. Control measures are the following ; — 

1. The planting of cane sets taken only from mosaic- 
free clumps. 

2. The removal of clumps as soon as the mosaic appears. 
Marked success has been found to result by these methods in 
stamping out " mosaic " in tracts where it was much prevalent. 

Varieties also differ in their susceptibility to the disease. 
The results of a trial of the varieties comprising a large number 
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of seedling canes showed great variation in susceptibility ; four 
of them showed complete freedom from infection while some 
others were at the other extreme and became fully infected, 
while others again showed varying intermediate degrees of infec- 
tion. It may be possible in many places therefore to replace the 
susceptible canes by those showing a high degree of resistance, il 
these should be otherwise suitable also, 

Matfyof the seedling cane varieties suffer fruit an abnormality 
in growth, in which the canes do not make any growth in height 
but spend themselves in sending up a large number of tillers. The 
clumps resemble large rosette-like bushes which seltlotn grow 
more than three or four feet in height ; only one or two shoota 
develop in height and show regular cane formation while the 
others remain dwarfed, like a clump of giant "grass. Some- 
times a very large number of clumps in the rows may remain in 
this condition causing a serious reduction in ihe tonnage of cane. 
It is not known if the abnormality is due to any disease, such as 
"sereh" in Java, in which a very similar dwarfed growth of cane 
is a marked symptom. 

Vegetable Parasites.— A troublesome vegetable parasite of 
the sugarcane is the Striga. The roots of the striga plant twine 
themselves with the roots of the cane and partially drain the 
nourishment from the cane. The result is a weakening of the 
cane and poor growth. The striga grows as a parasite in this 
manner on jola, and its seeds lie dormant in the ground for 
many years and are capable of sprouting and growing when the 
appropriate host crop is sown in the field. No effective remedies 
are known and the only way to keep it down is to weed out the 
pest as soon as it appears, root and branch, systematically, 
taking special care further to remove the plants completely before 
they flower or at any rate before they set seed. Continuous 
weeding is necessary, as the plants spring up from broken under- 
ground stems if the weeding had not been deep and thorough. 
Chemical weed killers like sulphate of iron and other materials 
are sometimes suggested, but for effective control they become too 
expensive and not practical. Where sugarcane is grown in 
rotation with rice or a nee crop is grown occasionally in the 
course of three or four years, the ' striga ' seeds along with the 
seeds and roots of other weeds troublesome in garden cultivation 
are killed out to a great extent by the continuous flooding of the 
field necessary for rice cultivation. 

Other vegetable parasites which are however confined only 
to certain tracts and are not of a serious character, are the 
Aeginetia paHeulaia and Aeginetia pedunculated, reported from 
Burma and Bengal, respectively. 

Production and Trade. — The sugarcane crop of India was 
being made use of for the production of both jaggery and 
indigenous sugar to meet the needs of the country for centuries 
past. It was only some fifty years ago that cheap foreign sugar 
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began to be imported in large quantities and the taste for sugar 
in preference to jaggery began to grow and sugar began to be 
imported in ever increasing quantities. The import of subsidy- 
fed beet sugar from Europe and of cheap cane sugar from Java 
where large scale production aided by 'efficient scientific research 
greatly reduced the cost of production, ruined the sugar industry 
in India which dwindled into insignificance. Stray refineries 
and sugar factories were just able to carry on only because they 
ran also distilleries as adjuncts for a profitable utilisation of the 
molasses and poor grades of jaggery. The huge import of sugar is 
the most conspicuous feature of the trade of India in this period. 
Thus in 1893-94, it was 106,000 tons ; five years later it rose to 
204,000 tons, and in another five years to 290,000 tons. The cane 
crop of India could be utilised fof only the making of jaggery and 
the efforts of industrialists, large land owners and Government 
to divert the crop for the manufacture of sugar were fruitless, 
until a drastic change took place in the fiscal policy of the 
Government and a substantial protection was afforded to the 
industry by the imposition of a protective duty of Rs. 9-1-0 per cwt. 
This was in the year 1931 -32. The effect was marvellous 
and quick and surpassed all expectations. Sugar factories of 
up-to-date design have been started in large numbers and have 
been working so successfully that the imports have steadily 
declined and are now insignificant. Within a brief period of 
five years, the local production has increased from almost nothing 
to the stupendous figure of 1,111,400 tons (1936-37) and ousted 
foreign sugar almost completely. Thus while foreign sugar was 
imported to the value of Es. 27£ crores in 1921-22, in the year 
1935-36, it came down to Es. 1'85 lakhs. Indeed the produc- 
tion bids fair to outgrow the internal demand for sugar and the 
question of finding a market for this sugar has now become a 
serious problem. All this increase is in spite of the fact that 
Government imposed an excise duty of Es. 2 a cwt., on all sugar 
manufactured in the country and to that extent neutralised the 
advantage of the protective duty on foreign sugar. It must be 
added that an auxiliary factor of great importance in this change 
is the introduction of the new seedling ^varieties of cane which 
are far superior to the old local varieties and have all but 
displaced them from cultivation. 

The following figures will give some idea of the progress of 
the sugar industry in India during this recent period, 
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The cane crop of India is, however used in the main foe the 
manufacture of jaggery. The total production of sugar in India, 
including sugars of all kinds is about 1,179,000 tons, but the 
quantity of jaggery produced is about six times this figure, viz., 
about 6,717,000 tons. It is estimated that 65 per cent of the 
cane crop is used for making jaggery, 18 per cent for factory 
sugar and the remainder for 'khandasari' sugar, chewing and for 
seed. 

The total area under sugarcane in India is about 4'4 million 
acres. The area under sugarcane in the chief cane growing 
provinces is as below ;— Punjab about 510,000, U.P. 2,181 000 
Bihar 360,000, Bengal 290,000, Madras 97,000, Bombay 70 000, 
Mysore 50,000, Hyderabad 31,000 and North- West Provinces 
70,000 acres. (1937—38) 
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SECTION V. 

MISCELLANEOUS FOOD CROPS. 
I. THE PLANTAIN. 

Vernacular names foe PLANTAIN :— Kannada— Safe ; 
Tamil— Vazluti; TeluGU— Aranti ; Malayalam — Vazha; 
Hindustani— Kela. 

The plantain forms one of the most important fruit and 
vegetable crops of India. Plantains are extensively cultivated 
both on a small scale as a back garden crop in practically every 
household in - South India, as a field crop on a large scale and 
even as a plantation crop on a still larger scale on the hills. It 
is the one kind of fruit which is available everywhere even in the 
pettiest and remote villages and at all times of the year. It may 
be called the universal fruit crop of India, eaten by the rich and 
poor and available in great abundance everywhere and at all times. 
The plantain is a tropical crop par excellence. It is probably 
the most striking vegetation in the tropics aDd impresses one by 
its shape, the colour and gorgeous beauty of its leaves, the large 
and highly ornamental flowers and fruit bunches more than any 
other crop. The tropical belt in the continents of Asia and South 
America is held to be the home of the plantain from where it 
has spread to other parts of the tropical and sub-tropical world. 
Though it is only in the tropics that the plantain luxuriates under 
proper conditions of climate and rainfall, the crop can be grown 
up to the 30th parallel of latitude north as the northernmost 
limit while in the south also it can extend down to Lai 30. In 
addition to India, the whole of the Bast Indian Archipelago, 
Malaya, the islands of the Pacific Ocean, Indo-China, and even 
Japan, Egypt, Natal, East Africa, the Canary Islands, the West 
Indies, Central America, the Ghiianas, and parts of South America 
as far as southern Brazil, Queensland and SouthAusbralia are all 
countries where the plantain and its allied species are found under 
cultivation. They are likewise adapted to growing under varying 
altitudes from sea level up to 5,000 feet and sometimes even 
higher, though under these conditions the bearing is delayed and 
the yield low. Plantains flourish under the damp and wet 
conditions of the tropics and can stand very heavy rainfall up to 
even 100 inches. It is indeed one of the important cultivated 
crops in the heavy rainfall tracts like the malnads of Mysore. 
The crop uses up very large quantities of water and abundant 
moisture is therefore necessary in the soil either through ample 
and well-regulated rainfall throughout the year as occurs in the 
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tropics proper or by heavy irrigation during the rainless 
months. The crop is also favoured by proximity to the sea, 
and is at its best in island climates and in coastal districts, 
though it can be cultivated several hundred miles inland also. 

Soils. — Plantains are grown and do well on a variety of 
soils. The most astonishingly luxuriant growth is seen on the 
deep black clayey tank silt soils on tbebeds of old breached tanks 
which are rich with fine silt, the remains of water vegetation and 
of aquatic animal life, accumulated for several years. At the 
other extreme they are seen to grow equally luxuriantly on the 
sandy soils of the coastal towns provided tbey are heavily man- 
ured with coarse organic manures like cattle manure, city 
sweepings and refuse. Many types of soils of an intermediate 
character are also utilised largely. Ths clayey loams of which 
most rice flats are composed are some of the commonest soils 
on which plantains are grown ; on many heavy black cotton soils 
which ure very retentive of moisture, plantains can be 
grown even as a dry crop. On the hill sides where the plantains 
are grown without irrigation and on a plantation scale, the soils 
are mostly of the reddish clay loam types. On the same types 
of soils but with ample irrigation are grown the special plantain, 
'Nendrum' of Malabar. Fertility due to a large admixture of 
organic debris and wastes is what suits the growth of plantains 
most. Grown on a field scale, great attention is paid to the pro- 
vision of adequate drainage which is very essential. In fact 
surface irrigation is even avoided and only sub-irrigation in deep 
trenches surrounding the plants is practised with a view to 
guarding against bad drainage and waterlogging. With provision 
for drainage even somewhat alkaline stretches of soil can be seen 
to be under plantains, though the plants are generally poor in 
growth and the leaves often become scorched. In the malnad 
gardens and in Malabar where the South West monsoon rainfall 
is very heavy, special attention has to be paid to the provision of 
good drains to carry off the rain water. 

Except on the hills and in special situations where sufficient 
underground moisture is available and in certain black cotton 
soil cracts with good rainfall, plantains have to be grown under 
irrigation. A satisfactory irrigation source is therefore indis- 
pensable, and gardens are made only where tank or channel 
irrigation can be had throughout the year and especially in the 
hot weather. They are also grown under well-irrigation but only 
in comparatively small areas. 

The plantain crop requires sp3cial protection against high 
winds. During the South- West monsoon when high winds blow, 
there is great danger of many plantain stems being blown down 
and broken, In many places this happens to be the time when 
the plantain bunches have appeared and the fruits are ripening, 
making the stems very top heavy and liable to be easily brought 
down by the wind, In the littoral of the cyclones on the eas 
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coast the clanger of extensive damage ia very great. The situa- 
tion selected for plantains should preferably be somewhat 
sheltered naturally and in every case a good tall hedge which can 
act as a windbreak quite as much as a fence to keep off thieves 
and stiay cattle will have to be provided. As an additional pre- 
caution bamboo props will have to be provided for each plantain 
stem and especially so if the trees should be heavy with fruit 
bunches during the windy season. This sort of damage is not so 
greatly to be feared or guarded against in the case of the mixed 
gardens of plantains, cocoanuts and arecanuts or of mango, jack 
and guava and other fruit trees in addition, which are very 
common, nor in the case of the dwarf variety, called Mauritius, 
which is being largely grown in recent years. 

Rotation. — Plantains are grown either by themselves as a 
pure plantain garden or as a mixed subordinate crop in areca 
gardens or in fruit gardens containing a variety of fruit trees like, 
mango, jack, cocoanut and so on. The pure plantain gardens 
are grown either as part of the ordinary rotation on rice 6elds 
when they are allowed to crop for one, two or three seasons and 
then removed or they form almost permanent plantations as on 
the hills where they occupy the ground for several years and are 
removed only when the plantation becomes spent out and the 
crops are no longer good enough to be profitable. In the mixed 
plantain gardens, the plantains may form merely a nurse crop 
as in the case of cocoanut gardens and may occupy the ground for 
some four or five years, during which period they shade the 
young cocoanut plants, keep the garden cool, keep down weeds 
and afford at the same time a small money return. There is also 
a belief that the plantains keep off the rhinoceros beetle from the 
cocoanut plants at this stage, although this is not well founded 
and should in no case be regarded as a substitute for careful 
watching and removal of beetles from attacked plants and for 
other methods of control. 

Planting Material. — The plantain is propagated vegetatively 
and the planting material used is the sucker. The suckers used 
are either very young ones hardly a foot or two in height, or 
older ones which are three or four months old and which have 
grown well. In the case of the very young suckers, those which 
have the long narrow so-called ' sword' leaves are preferred to 
the broad-leaved suckers, as the former root more readily. Suckers 
intended for planting are removed with a good portion of the 
rhizome ; the cut surface should be examined for signs of weevil 
attack and if any are seen, such suckers should be rejected. The 
roots of the sound ones and the top one-third of the length are 
also cut away. The Backers are allowed to dry and harden for 
some days. Suckers can be kept quite for a month after removal 
and then planted. The larger and older suckers are preferable 
to the smaller ones, as casualties are high in the latter. Large 
rhizomes can also be cut into several pieces and planted in a 
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nursery and when the plants are grown to a height of two or 
three feet tbey can be planted oat. 

Cultivation. — The field intended for plantains should be 
prepared thoroughly and carefully quite six weeks before the 
planting is to be made. The field is either ploughed several 
times or is dug uniformly to a depth of nine inches. The soil is 
allowed to weather and the clods are then broken and weeds and 
stubble removed and burnt. The field is also manured by the 
penning of sheep and the soil then lightly ploughed. Pits for 
the suckers are now dug about 7J feet to 9 feet each way, 
about a foot square and about 18 inches in depth. The pits are 
filled with the weathered soil and mixed with a good basketful 
of cattle manure which may work up to about 30 or 40 cart-loads 
per acre. SuckerH are planted in these pits quite deep and the 
soil around them is well tamped by trampling with the feet or 
rammed with a heavy stick. Beds for irrigation are now made . 
so as to enclose each of the 600 to 800 plants that go to the acre 
at the above planting distances. Once every week a heavy irri- 
gation is given ; on the retentive clayey soils irrigation is less 
frequent and can be given once in ten or twelve days, though 
they can stand a break of even three weeks. The beds are 
weeded frequently and at the third month are given a 
digging, At the same time oilcake powder (groundnut, 
castor or neem) is applied at the rate of 10 to 15 cwts. 
per acre. A mixture of artificial manures consisting of 
2 cwts. of sulphate of ammonia and 3 cwts. of superphosphate 
can also be applied at this time in the case of the red loamy 
soils with benefit. Irrigations are now given regularly at 
intervals of not less than fifteen days right up to the time that 
the bunches are ready to harvest. 

When the plantains are grown in the midst of rice fields 
or whr-n the soil is clayey and requires considerable" drainage, 
drains Lave to be provided. These are dug after the plants are 
about a month old in such a way that four plants are enclosed 
by drains all round, by digging lengthwise and crosswise drains 
after every two row? of plants. The earth from the drains is 
thrown up on to the beds around the plants, so that the beds 
each with four plants in it become quite elevated and are 
surrounded by the drainage channels. These channels serve as 
irrigation channels also from that time. No surface flow on the 
beds is necessary except in the hot summer months when the 
drains may be blocked and water made to flow over the .beds. 
After every such surface flow the beds are given a digging, to 
keep the surface soil loose. 

In addition to the digging, manuring and irrigation during 
the growing period, other operations consist in the trimming of 
the dry leaves and the removal of the sucker growths from the 
parent stem. In all careful cultivation such suckers should 
invariably be removed as they come up, in order to divert all. the 
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nourishment to the parent stem and the fruit bunch thereon. 
"When the inflorescence is seen to be pushing out, then the 
cutting out of suckers is stopped and one good sucker is allowed 
to stand and grow ; from this sucker special care is taken to see 
that no leaves are cut. This sucker forms the main or bearing 
stem for the second year's crop. The same routine is followed 
in r egard to sucker removal in the third year's crop also. 

Period from planting to fruiting .—The time taken from 
planting to the appearance of the inflorescence varies a great 
deal with the varieties from about 8 months to even 18 months. 
The season of planting influences this period of time even in the 
same variety. The varieties commonly grown in South India 
such as the ' Poovan ' and the ' Basabale ' take about 8 or 9 
months. January plantings flower later than June plantings 
and the difference in time may go up to even three months, 
though two months is common. The length of time from the 
appearance of the inflorescence to the stage when the bunch can 
be cut down for yellowing or for sale is subject to great variation 
betweeo one variety and another. It has been observed that the 
early varieties in South India take from 80 to 110 days for such 
maturity, that the late varieties take from 150 to 170 days and 
that medium varieties take from 120 to 150 days. The 
commonly grown field varieties 'poovan' and 'rasabale' take 
about 7 to 8 months to flower and another two to two and a 
half months to mature. 

As the fruits are ripening on the plants, there is a tendency 
in some varieties for the fruits to split or crack, due it is believed 
to exposure to the sun and want of sufficient shade. Where 
this tendency is common bhe bunches will have to be protected 
by being tied over and covered with dry leaves. At about this 
stage the danger of the stems breaking on account of the weight 
of the bunches is also great, and the props which may have 
already been provided as a protection against damage by wind 
should be attended to and strengthened. Another little routine 
to be attended to is the removal of the ' buds ' from the bunches. 
After the pistillate flowers have all set fruit, i.e., after the bunch 
has been fully formed, it is desirable that the " bud " containing 
the remaining flowers should be broken off and removed. This 
leads to greater uniformity in the development of the fruit and 
to a shortening in the period of maturity. 

Stage to cut the bunches. — The bunches are ready to cut 
when the raw green of the fruit begins to get lighter, the fruits 
swell and the ridges become less prominent or almost rounded 
and the fruits give a characteristic sound when hit with the 
knuckle. A fruit or two showing a decidedly yellow colour is of 
course the surest sign, but it may not always be advisable to 
wait till this rather late stage. The variety called 'green' 
plantains has to be judged entirely by indications other than 
yellowing. The cooking plantains are cut at an earlier stage 
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although even these are cut quite ripe and often have to be 
prevented from yellowing and developing sweetness by being left 
in cold water, if it has to be kept for a few days before being used. 
The bunches are cut with a good length of the stout gooseneck 
stalk and are transported, handled and marketed with this 
stalk intact almost invariably. After the bunches are harvested, 
the stem ^the plant) is cut down to the base and all further 
attention is paid to the sucker which has been left standing and 
which becomes the bearing stem for the second year's crop ; a 
like procedure is adopted with the latter at the end of the 
second year. 

Yield. — Each plantain sucker planted gives one bunch and 
the number of bunches per acre amounts to from 600 to 800 
according to the number of suckers planted. The number of 
fruits in a bunch and the size of the fruits therein, in one and the 
same variety, depends upon the thoroughness of the cultivation, 
soil, manuring, and irrigation. With the second and third crop 
the size becomes reduced and the bunches fetch a smaller, price. 
As between varieties the number of fruits and their size, as indeed 
many other characters, vary a great deal. Varieties with large 
fruits generally have a much smaller number of fruits per bunch 
than those with smaller fruits. There are however exceptions ; 
thus the 'raeabale' of Mysore which is a choice table variety has 
only a small number of fruits in the bunch though the fruits too 
are small. The plantain fruits are, as is well known, borne in 
groups of ' hands ' which make up the bunch. The number of 
hands generally varies from four or five as a minimum to as 
many as 40 or 50 as a maximum in a specially small fruited 
variety and in the bulk of the varieties the average may be taken 
as seven with ten as a high figure. The number of fruits per 
hand likewise varies a good deal though by no means to the 
same extent. 

Ripening. — The ripening of the fruit to the yellow, sweet, 
eating ttage is allowed to take place invariably after the bunch 
is cut. Fruit is never allowed to ripen on the plant itself 
completely. The ripening takes place by merely keeping the 
bunches bung in well ventilated rooms when in the course of a 
few days the fruits ripen uniformly, every one of them developing 
the colour, consistency and taste of the ripe fruit, or ripen 
irregularly, so that when some are yellow others are only 
partially so or even green in colour. In order to attain unifor- 
mity in colouring, it is sometimes usual to artificially stimulate 
the colouring and ripening by subjecting the bunches to the dull 
damp heat of a smoky fire. For this purpose the bunches are 
arranged in a low cellar like room which is provided with an 
opening for a fire and a vent for the escape of smoke. A slow 
burning fire is made at the entrance by lighting up dry plantain 
leaves which are well packed and which smoulder slowly. The 
smoke fills the chamber and escapes through the vent and the 
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interior of the cellar also becomes heated. After sometime the 
fire is put out and the vents are closed. The cellar is kept closed 
for a couple of days and then opened and those bunches which 
are all coloured a full yellow by chia time are taken out. The 
bunches which are still incomplete in colouring are subjected to 
the same process again to complete the colouring The process 
is a. rough and ready variation of the process of colouring citrus 
and other fruits by ethylene, carbon monoxide and such other 
gases. 

Botany and varieties. — The plantain — Musa paradisica — 
belongs to the order Scitamineae, to which several other impor- 
tant agricultural crops like turmeric, ginger and cardamoms 
belong. It is classed under the family or tribe Musaceae, 
The edible plantains include also another species, ' Musa 
sapientum ' sometimes called banana. The terms banana and 
plantain are used more or less synonymously but ' plantain ' is 
often restricted to the kinds whose fruits are eaten fresh as soon 
as they are ripe, as distinguished from those which have to be 
often cooked by boiling or baking before they are eaten, even 
though they are quite ripe. The plantains and bananas, the 
genus ' Musa ' in fact, comprise plants which are large and tree- 
like with the leaf canopy borne on a tall unbranched smooth 
cylindrical stem or trunk. This stem, which is only a pseudo- 
stem, is made up of the thick highly succulent convolute sheaths 
of the leaves which extend from the underground rhizome or 
true stem to the stalk or petiole from where the leaves lean away 
from the stem. These leaf sheaths form concentric layers giving 
in their combined form the cylindrical trunk-like appearance 
to the stem, and protecting the younger leaves and flowering 
stalk which form the core of the stem. The true stem is an 
underground rhizome or bulb from which the false stem grows 
and which also gives rise to more stems or suckers. These 
stickers are few and appear at long intervals in some varieties 
but in other varieties appear in larger numbers and at frequent 
intervals giving rise to very large clumps. From the rhizomes 
spring the roots both vertically downwards and laterally and 
horizontally. The clumps are on the whole shallow-rooted 
especially when the above ground parts of the plant are consi- 
dered, and the roots traverse a depth of two or three feet with 
about the same lateral spread. The anchorage is hardly adequate 
and where the additional strength given by suckers is lacking, 
proves still less so. The leaves consisting of the stalk and the 
blade may vary from 10 to 20 in number and the leaf blade 
which is large and oblong may be from 6 to 10 feet long and 
1 to 2 feet broad. The colour ia dark to light green, the texture 
thick and leathery to thin, with often a whitish bloom on the 
under surface ; the midrib is either yellow, light yellow or cream 
coloured, or with a dash of purple, and with or without a pro- 
nounced ashy white bloom on them. The lamella of the leal 
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though graceful and entire when it opens, soon becomes more or 
less torn into shreds by the wind. The inflorescence which is a 
spathe emerges from the top in the shape of a large bud and 
in a few days as it lengthens curves and bends down in the 
familiar pendent form. The flowers are borne in a series of 
clusters on the flowering stalk, to which when they set fruit the 
name 'bands' is given. At the base of each cluster is a large 
scoop like bract which tightly abuts up and protects the cluster 
before - the flowers are due to open but wbich later on opens and 
exposes the flowers and then drop off. These bracts are small, 
large or medium in size; are coarse and thick or thin and delicate 
in texture and are deep red, light red, salmon or pink in colour 
according to the variety. The individual flowers at the basal 
hands are all pistillate and set fruit, parthenogenically, it is 
generally held ; the ovary is three-celled but the ovules do not 
develop or set seed. The stamens are five in number (rarely 
also six). The floral parts are much modified. The perianth 
consists of three sepals which are fused into two rudimentary 
petals. The third and separate petal is a thin papery cup- 
shaped structure in which is secreted a kind of sweet nectarlike 
thin jelly. Though all the flowers are perfect only the lower 
flowers are functionally pistillate and set fruit. Some four to 
ten or twelve clusters or hands according to variety have such 
pistillate flowers ; the flowers in the succeeding clusters are either 
neuter or statninate functionally. The pistillate flowers set 
fruit, and the ovaries swell into the fruit ; the ovules do not 
develop in the cultivated varieties and no seeds form, except in 
rare cases when a small seed or two may be found. 

The cultivated varieties of the plantain are many but not so 
large in number as the names in different countries or provinces 
would appear to indicate, as one and the same variety is known 
by different names in different places. Eathei: marked changes 
in size and quality of fruit are also brought about by differences 
in soil, climate and cultivation. Varieties differ in the height 
and size of their trunks, in the texture, size and appearance of 
the leaves, in the period they take to mature fruit, in their 
susceptibility to diseases and pests and above all in the size, shape 
and colour of the fruit and in the taste, consistency and other 
characters of the flesh inside. Several good varieties are grown 
in the Mysore State and from the following description it will be 
seen that many of them are the same as those that may be grown 
in other parts of the country, though under different names. 
Some of the main varieties in Mysore and their characteristics 
are as below : — 

The ' Maduranga bale ' is the large cooking plantain with 
fruits about 6 to 9 inches in length and about three inches 
across at the widest, with the ridge conspicuous, a thick green 
skin which becomes yellow when the fruit ripens and which 
can be peeled in two layers; the pulp or flesh is yellowish white, 
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very soft, pulpy and sweet. The bunches contain only a small 
Dumber of fruits seldom exceeding fifty but averaging about 
thirty. Closely similar to it is the field plantain which is also a 
cooking variety ; the fruits are shorter and the ridges more 
rounded. The bunches carry a larger number of fruits. The 
'Maduranga bale ' is subject to a fungus disease which attacks 
the stem and makes it fall over and rot, before or at the time of 
the appearance of the inflorescence. 

The "Rasabale" is a choice table plantain, has a golden 
yellow colour when ripe, the skin is very thin and the pulp firm. 
It has a sweet taste with a special flavour and is esteemed as a 
wholesome hght food as distinguished from the heavy feeling 
engendered by eating other varieties, The fruits are about 3 to 
4 inches in length and about 1| inches across. The bunches are 
never large and contain four to five hands with eight to ten 
fruits each. The skin is liable to split when the fruit is quite 
ripe. The fruit keeps well for some days and the flesh remains (mn. 
This variety is also badly subject to the fungus disease in which 
the stem begins to rot and fall over. A very similar 
but somewhat larger sized fruit is called " Salem Rasabale ". 
It is less delicate and is not so much esteemed. 

The G-ulur plantain i3 a tall vigorous variety, the fruits are 
about 4 to 5 inches long and about 1% inches across, with the 
ridges showing well, slightly curved with a bright yellow skin 
which peels off in two layers. The fruit is sweet and the flesh 
moderatelv firm. On keeping, the flesh softens considerably. 
The bunches are very large and well filled and may carry as 
many as 100 or more fruits. It is a hardy variety and the 
suckers are very vigorous, so that the clumps may be allowed to 
crop for several years. 

The ' yelakki ' plantain is a somewhat delicate looking, tall 
plant with comparatively thin leaf sheaths and stalks whose 
margins are flushed pink. The fruits are small, about 2\ to 3 
inches long and 1 to 1J inches across the middle, the ridges are 
somewhat rounded, the skin is very thin and papery, peeling off 
in a single layer, the flesh is very firm and keeps so for many 
days even though the skin may shrink and blacken. The fruits 
are very sweet and the bunches large. 

The ' rajabale ' is a sweet variety somewhat showy ; the skin 
is thick and light green turning but slowly into a light yellow. 
The fruit has a somewhat peculiar shape, with a smooth tapering 
beak. The fruits are about 4 or 5 inches in length and 1\ inches 
across. The flesh is sweet but is very soft, and when very ripe 
almost like jam. The skin is liable to split and the fruit cannot 
keep well. The bunches are medium, somewhat open and may 
carry about 50 or 80 fruits. 

The ' Boodhibale ' or ' ash ' plantain is a tall vigorous plant 
with large bunches which may carry up to 100 fruits. The 
fruits are 4 to 5 inches long and about 1£ to 2 inches across. 
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The unripe fruits have an ashy bloom over them which is charac- 
teristic and to which it owes its local name. The skin is thick, 
peels off 'in two layers and the flesh is very soft and does not keep 
well. The fruit is only moderately sweet. 

Tbe ' Havu bale' is also a vigorous variety. The fruits are 
about 6 to 7 inches long .and about 1\ inches across, slightly 
curved, the ridges smooth and almost rounded, and 
having almost a uniform thickness up to the tip, so that there is 
no pronounced beak. The fruit colours yellow when ripe but 
soon becomes spotted and blotchy with black or brown. The 
skin is thick and the flesh soft. The bunches are very large and 
may carry up to 120 fruits. 

The 'kari bale' also called 'mara bale' and 'male bale' is a 
hardy plantain which grows largely in the malnads in the hilly 
country with heavy rainfall both in the areca gardens and on the 
hillsides and the coffee estates. It is vigorous and hardy, with 
the leaf sheath margins a dull black in colour. The bunches are 
medium in size carrying about 50 or 60 fruits. The fruits are 
about 4 to 5 inches in length and the ridges are conspicuous ; 
the skin is thick and yellowish in colour often with a slight 
blootn on it but becoming black or blotched very soon. The flesh 
is firm when the fruit is fresh but on keeping softens consider- 
ably and unevenly. The fruit has a peculiar flavour which is 
much esteemed in South India. The 'male' plantain of South 
India is very similar to this variety in size, shape and flavour but 
keeps longer and stands considerable transport. 

The 'poovan', which is largely grown on a field scale as a 
rotation crop with rice in South India and is a favourite variety 
in Mysore also, is a free fruiting variety and is so largely available 
that it may be called the poor man's fruit. The bunches under 
good cultivation are very large and compact and may carry up 
to 200 fruits. The fruits are bright, yellow in colour and the 
skin is thin. They are about 3 to 4 inches long, well filled and 
smooth and almost rounded, with a firm flesh which keeps fairly 
well. The fruit has a slight acid taste along with the sweetness. 
This is the most important commercial variety. 

The 'putta bale' is very similar to the 'poovan' in shape, 
size and colour of fruit but has a slightly different flavour. 

Tbe 'G-ujju bale' or Mauritius or dwarf plantain is a slow 
growing variety, with trunk seldom taller than four feet, and the 
leaves thick and dark green with short petioles. The bunches 
are very large and may carry up to 200 fruits, and reach down 
to the level of the ground. The bracts towards the tip of 
the bunch often persist even after the flowers have opened and 
dropped ;aud many diminutive fruits may be found crowded at this 
end. The bunches are compact and the fruits fairly long, 
being about 5 to 6 inches and slightly curved and about 1 to lj 
inches across. The ridges are not very pronounced. The skin 
is thick, peels off in two layers when ripe and the green colour 
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changes only slowly and slightly even when the fruit is quite 
ripe. The flesh is soft and becomes softer still and almost jam- 
like when very ripe. The fruit is very sweet, with a strong 
distinctive flavour. 

The 'yele bale' or leaf plantain is specially prized for the 
sake of its leaves which are in demand for use as eating plates. 
The variety looks somewhat like the 'yelakki bale' but suckers 
profusely from which an [Abundant supply of leaves can he cut. 
On account of the numerous suckers, the variety attains great 
size growing almost like a thicket. 

The ' red plantain ', as its name implies, is peculiar in the 
colour of its fruits which are rosy red in colour. The variety is 
tall, large and very striking in appearance with large and 
long leaves, the rosy red colour colouring the petioles and leaf 
sheaths and even to some extent the leaves. It is a late variety 
and takes some 18 months to two years to yield. Both bunches 
and fruits are large. The fruits are about 6 to 9 inches long 
and quite 2J to 3 inches across. They are almost uniform in size 
throughout their length with a blunt rounded end and the ridge 
almost smooth and rounded. The skin is rosy red in colour, 
quite thick and peeling off in two layers, The flesh is quite 
soft and the fruit does not keep, the flesh becoming very soft and 
like jam as the fruit becomes over-ripe. A light yellow colour 
blotched dark develops oa the skin at this over ripe stage. The 
flavour is strong and when over-ripe not pleasant. 

The peculiarities of certain South Indian varieties are sum- 
marised in the following table. — 
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(Madras Agricultural Journal, February 1937.) 

Pests and diseases.-— Plantains are singularly free from in- 
sect pests — a rather remarkable and fortunate circumstance in 
the case of such a widely grown crop. The only pest of any 
importance is the stem weevil which bores into the underground 
rhizome and greatly weakens the affected plant, sometimes bring- 
ing about its death. The rhizomes of badly affected plants may 
be seen infested with the weevil grubs. No remedy has been 
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worked out ; only preventive measures are possible, among 
which the most important is the discarding of infected rhizomes 
as planting material. The rhizomes of infected plants should 
also be removed, squashed up and buried deep. 

Minor leaf-eating insects and caterpillars and scale insects 
have been noted but the damage is insignificant. It is also 
remarkable that the fruit is free from the attacks of the fruit 

The plantain is subject to a serious fungus disease — 
Sclerotium Bolfsii. The fungus attacks the trunks or pseudo- 
stem of the plants, starting a kind of rot or softening of the 
tissue on account of which the stem breaks off at the weakest 
spot bringing down the crown (and the bunch, if one has formed 
at the time) with it. The disease attacks the sfceii sometimes 
loug after the hunch has formed and is ripening. The disease 
appears to specially favour certain varieties such as ttie ' Rasa- 
bale ' and the ' Madaranga bale ' (in Mysore), being so bad on 
the former that it is impossible to. grow it in certain sections. 
Remedial measures have not been worked out but trials with 
swabbing the affected parts at an early stage with Bordeaux 
mixture have shown that it can be kept down by this method. 
Lack of drainage and too heavy irrigation also appear to favour 
the disease. 

Chemistry and, uses — The plantain crop is put to a number 
of uses. The fruits are eaten before they are quite ripe as a 
cooked vegetable and prepared in a variety of dishes. Plaintains 
in fact form the commonest vegetable in the bazaar. Likewise 
the ripe and mellow fruit is the commonest fruit available and 
some of the varieties .are very choice and delicious. The amount 
of actual food material provided by an acre of plantains rosy be 
said to exceed that from any staple article of food like wheat, rice 
or grain crop though of course the crop takes a whole year, The 
main and almost the sole food constituent in the fruit is 
carbohydrate, both starch and sugar, and though it is therefore 
by no means a complete food, as an energy producing product its 
value is very great. The average composition of the ripe fruit 
is as below :— moisture 74 to 80; fats (ether extract) 0"7; 
carbohydrates 25 to 18. Home varieties of the plantain lend 
themselves to be dried and ground into flour, which being 
practically all starch can be used much like tapioca, arrowroot 
or rice. Similarly some varieties can be dried after they are 
quite ripe and put up entire or cut in round discs and pressed 
together — in which form they are called 'banana figs' — and consti- 
tute an important dried fruit and are dea.lt with as a commercial 
product. Some plantains can be prepared into a fried article 
like potato chips, and though all of them can be so prepared, the 
'nendiram' plantain of the west coast is. deemed best for this 
purpose ; the chips which are usually fried in cocoanut oil are a 
great delicacy aad are eaten as such or salted or sugared. They 
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can be kept for several weeks and, well packed and protected, are 
sent out to distant markets from Malabar. 

The green leaves find use as eating plates in Indian house- 
holds and form an important article of sale, affording a 
small subsidiary income from the gardens. The dried leaves 
furnish immense quantities of packing material while the better 
class ones can be kept pressed and in shape and used as eating 
plates. They are stitched or skewered into cups and sold in very 
large quantities. The sheathing petioles of the leaves — which 
make up the so-called stem of the plant— are also put to a variety 
of uses. They form in their cool moist condition excellent 
receptacles for packing all kinds of fresh flowers, vegetable, betel 
leaves, seedlings for transport etc. "When dry, they can be torn 
into long strips or strands and used as tying strings or bands, 
their pliancy, softness and strength making them better suited 
than twine or other cordage for many purposes. Torn into fine 
threads these are used for stringing together flowers into 
garlands. The tender and long fruit stalk inside the pseudo-stem 
is used after the plant is cat down, as a common vegetable bath 
as a salad and in a cooked condition. The plantain plants them- 
selves are greatly in demand for use in decorating the fronts of 
houses, welcome arches and wedding pandals, etc., for which 
purpose the plants are cut down to the base, bunch and all, and 
are tied alongside pillars where they make a great display with 
their gorgeous leaves and shiny ivory-like massive steins, and the 
inimitably elegant pendulous fruit bunch terminating in the 
large flower bud. 

An article of great industrial importance is the plantain fibre, 
yielded by the leaf sheaths of one of the species— the Musa textilis 
• — from which the famous Manila hemp is obtained. This fibre is 
made into cordage of extraordinary strength which is practically 
unequalled for all purposes other than under- water use. Many of 
the Indian plantain stems also yield fibre which is suitable for 
both cordage and textile purposes. The extraction of the fibre for 
these two industrial purposes has not so far been attempted on 
anything but an experimental scale. 

II. POTATOES. 

VERNACULAR NAMES FOB POTATOES : — Eannada— Urula- 
GADDE ; Tamil— TJRULAKKIZHANGU ; Telugu — Ueula-gadda ; 
Mdlayalam— Urulakizhangu ; Hindustani — Alu. 

The potato was introduced into India only a little over a 
hundred years ago. It has become one of the most popular among 
the vegetables of the country and is grown over very large areas. 
It is moreover a commercial product of very great importance, 
which is due to the fact that with proper care it can be kept 
without much deterioration for some months, can ba 
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handled or transported long distances without serious 
damage, and can therefore be marketed over the large consuming 
sections of the country situated far from the centres of production. 
South America is regarded as the home of the potato and it still 
continues to be the source of a number of wild and hardy varie- 
ties of the potato which are now explored by collectors in search 
of breeding stock for crossing with the cultivated varieties for 
the purpose of evolving varieties containing a combination of 
qualities like disease resistance, high yield and so forth. The 
discovery of America and the gradual over-running of the two 
continents by the European races led to the introduction of the 
potato into Europe, where its cultivation increased rapidly and 
has now assumed enormous proportions. It is a food crop of the 
first magnitude and has in recent years assumed great importance 
for industrial purposes also. 

Distribution and Climate. — The potato is a crop suited only 
to colder latitudes and tj the temperate zone and to the cold 
weather months of the sub -tropical climates. The crop stands a 
range of temperature from about 80 degrees as a maximum down 
to 55 or 50 and even lower provided frost does not set in. It can 
be grown from sea level up to an elevation of 7,000 feet. In the 
tropics its cultivation is possible only on the plateaus and hills, 
where alone the temperature is sufficiently low. It is a crop 
grown now in all parts of the world, where it is possible to obtain 
this range in temperature, but the important areas of production 
lie outside of the tropics. The whole of Europe, the two Ameri- 
cas, Australia, parts of South and East Africa, Japan and Burma 
are the importa nt producing countries. Imports of potatoes into 
India come from Italy, Cyprus, Burma, Kenya, and Japan. In 
India the areas of cultivation are in Bihar and the U. P. princi- 
pally, on the hills of the sub-montane tracts but considerable 
areas in the plains also during the cold weather, and around 
Karachi .in Sind, parts of Bombay such as around Poona, Ahmeda- 
bad, Dharwar andBelgaum, on the plateau of Mysore, principally 
in the districts of Bangalore and Kolar, and on the Nilgiri Hills. 

In India it is cultivated both as a purely rain-fed crop and 
as an irrigated crop. It is only on the hills and to some extent 
in favoured localities on the plains that the potato is grown as a 
purely rain-fed crop. The crop cannot' stand heavy rainfall and 
the months cf heavy rainfall, viz., July and August, are therefore 
avoided and the crop is raised in the months of moderate rainfall 
preceding or succeeding these months. The rainfall during the 
crop season does not exceed about 30 inches. The main culti- 
vation in the plains is under irrigation. In Mysore irrigation is 
essential in whatever season the crop may be grown. 

Soils. — The soils suited for potatoes are well drained loams 
and sandy loams. The brown, light red and deep red loams are 
typical potato soils in the potato growing tracts of Mysore. They 
have great depth, are uniform in texture, and are singularly free 
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from grifc, gravel and decomposing rock. They often gel; great 
accessions of saudy material from the sides and slopes of the 
rooky debris of the bills and the adjoining high level country. 
The black or dark brown clayey loams of the valley fields under 
tank irrigation are also pat under potatoes, but large quantities 
of sand are carted to these fields every year to make them fit for 
potatoes and other garden crops, f^ood drainage, depth and a uni- 
form smooth grit-free texture, open and loamy rather than clayey 
and freedom from kankar or even mild alkalinity are all looked 
for in good potato soils. Deep alluvial loams, river banks and 
old river beds also form ideal soils and are devoted to potatoes in 
several parts of the potato growing tracts. 

^//'Although the above are the best and moat favoured type of 
soils for potatoss, the crop is sometimes gro wn in clayey soils of the 
black cotton soil type also. In southern Dharwar it 
is raised as a rain-fed crop in such soils and the produce is 
largely sent on to Mysore as seed potato for the following winter 
crop. Potatoes are also grown on soils more or less of the same 
type in European countries. 

Rotation. — The potato as grown in this country especially 
in South India takes 3 to 5 months to mature according to the 
variety. The variety grown in Mysore takes only about 3 months 
or 3£ months to mature, and sometimes tubers are dug even be- 
fore three months. The duration being so short, it is possible to 
grow two crops of potatoes in the year on the same field. Ordi- 
narily where there is no difficulty for irrigation, three or even 
four different kinds of crops are grown in same year, and many 
crops enter into the rotation, some as catch crops and some as 
crops of longer or shorter duration than the potato. The potato 
is grown iu two seasons called the summer and winter crop, 
which in Mysore correspond to the rainy season crop and the hot 
weather (besike) crop. M^^SSMJ^M]f^9B.M^.Mnmm§LM 
rainy seaso.n.cjap.is_pJanted about Jae_jnonihii^ciWunj_. and 

"oug in the rqpa.th.-of .IM^,§fiptembet, while the .winter or jb.e 

''TJeSiET'crop is planted about QctobervDeeemb^_^5dug,iii.JhLe 

montl'orFebruarylMirch, In other parts of India both in. the 

THlTsliEJ'onlhe plains' the planting months in both seasons are 
often spread over a larger period than indicated above. Thus on 
the hills the planting of the summer crops is done from February 
to April and the winter crop in August to September. Tn the 
plains planting begins in February for the summer crop and in 
the months of September to December for the winter crop. 

In the maidan tracts of Mysore the cultivation is under well 
irrigation mostly and the. potato is grown as a garden crop in 
rotation with a number of other garden crops. Where water is 
not plentiful, the rotation is potato as the hot weather crop 
followed by ragi, as the main rainy season crop, or by chillies, or 
garlic or sweet potato, there being only two crops altogether in 
the yeax. 

16 
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If water is plentiful then the ' besike ' or hot weather crop 
of potatoes is followed by maize, or by vegetable crops like 
French beans or cucumber as catch crops ; then follows the rainy 
season crop of potatoes, after which a crop of irrigated ragi, 
which matures in three months and for which seedlings are 
raised separately and kept ready. This is a very intensive 
rotation aad the ragi is omitted sometimes and a fallow takes its 
place. In the following year the ' besike ' or the hot weather 
crop oF potato is repeated followed by the catch crops of maize or 
vegetables The next crop is chillies, onion or garlic which 
occupy the field till the end of the year, after which the following 
year's crop of ' besike ' potato begins. In these tracts the culti- 
vation of potatoes as a ' besike ' crop is general and is the largest 
crop of the year. The rainy season (summer) crop is only on a 
small scale and is roughly estimated to be only about one-tweotieth 
of the area under the former. This small crop is largely with 
a view to raising seed tubers for the succeeding ' besike ' crop. 

Seed Potatucs.- — The planting material for the potato crop 
is the potato tuber itself, which is then commonly spoken of as 
seed potato. The potato tuber requires a resting period of 2£ to 
3 months before it can be planted as seed potatoes. There are 
also varieties which require seven months of this dormancy. The 
period can he reduced by Various devices but these are not 
applicable in practice, and sforage has to be resorted to. The 
keeping of the potato for this long period is difficult owing to 
the deterioration which sets in, the attacks of the potato moth 
and generally the lack of suitable storage accommodation. In 
the case of the potatoes dug in the months of March — April, that 
is the ' besike ' crop, the summer temperature of the following 
months makes it almost impossible to store them except on the 
hills, in a fit condition for seed. In the case of the potato grown in 
the rainy Benson, however, the crop after harvest can be stored 
for seed without difficulty as the weather is considerably milder 
in the following months. For this reason, a good deal of the 
crop grown in this season is stored for seed and every man tries 
to grow a small patch which will provide enough seed lor his 
next ' besike ' crop which is the more important and the main 
potato crop of the year. Few people, however, raise heed from 
their own crops in this way for more than two reasons. Seed is 
therefore, continuously replenished from outside and Mysore 
depends fur its seed supply upon Dharwar, Poona and the 
Nilgiri^, The extended period over which the crops of the two 
seasons are grown in the different areas makes it possible to 
meet the requirement? of one tract from the crop grown in other 
tracts. Large quantities of seed potatoes from Italy form part 
the imports of potatoes into India and supply a continuous 
yearly succession of fresh seed stock. Italian seed potatoes 
arrive about November and are planted soon after the cold 
weather in the above tracts. Dharwar obtains the produce from 
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this planting and uses it for planting in the rainy season in 
the months of June-July. The Italian seed potatoes are 
generally planted in the districts around Poona, Ahmedab&d and 
Belgaurn and the produce therefrom is sent ou to Dharwar 
where it becomes further acclimatised. A good deal of the seed 
potatoes brought into Mysore from Dharwar is Italian seed 
grown thus for two seasons in the country. A certain quantity 
of Italian seed is also got out direct from stocks in Bombay find 
planted ont. This fresh Italian seed is not considered satis- 
factory ; the plants are saii to grow tall and run a good deal 
into leaf with a poor yield of tubers ; the acclimatised Italian is 
therefore the seed usually got out and planted. The supply 
from Italy has been subject to serious interruptions during recent 
years and the situation may be said to have completely changed 
at the present time. Kenya is at present the only important 
outside source, Indian grown potatoes from the Bombay 
Presidency, the Nilgiris and Mysore itself supply all the require- 
ments for seed in Houth India, while Upper Indian needs are 
supplied from hill potatoes in the north. 

4 Cultivation. — Potatoes are grown as a garden crop in 
Mysore. The preparation of the land for the crop is careful and 
thorough. The area grown by individual cultivators is usually 
very small, amounting to often less than a quarter of an acre 
and seldom exceeding one acre. The cultivation is all by 
manual labour and quite intensive. The land is prepared by 
digging with hand tools to a depth of 18 inches or even two feet, 
the soil being raised in large clods. It is left in this condition 
to dry and weather for some time and then dug again to break 
the clods. Boots, weeds, stones and gravel are all removed fiom 
within the full depth and the ground reduced to a fine tilth. 
Sand and earr.h are spread and dug in and later cattle manure at 
the rate of 40 cart-loads per acre is applied and worked in. 
Manure from the city consisting of sweepings and night soil 
which are regularly carted and stored for the purpose is also 
applied instead of, or supplementary to, the cattle manure. It is 
also usual in the taluks around Bangalore to cart wool waste 
from* the woollen mills in the city, and also leather waste 
consisting of fleshings and scrap and other refuse from the 
tanneries to supplement the cattle manure. After the manure 
is all well worked in, the field is laid out into bads for irrigation. 
These beds are genecally 12 yards long and 4 yards broad. 
They are divided into sections across their width by means of 
low dividing bunds, each section being 2 yards in width and 
4 yards in length. Along the length of the beds, furrows for 
planting the potato are made at distances of 10 inches or one foot 
from each other which give 10 to 12 rows of furrows in each 
bed. Along the middle of the sections and across the furrows 
small water channels are made, the water from which flows into 
either side each watering a section one yard by four yards on 
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either side of it. The larger beds run in a double series on either 
aide of a larger water channel from which through laterals water 
flows into each of the small sections. 

Before planting the potatoes, the beds are watered and the 
soil moistened thoroughly. Tf the field has become too "vet it is 
left to dry during the day and planting is done in the evening 
or the following day. The seed sets are planted in the furrows 
at distances of about four to six inches from each other by 
pressing the cut set with the bud end up, about two inches into 
the soil. The seed rate per acre varies from 7 to 12 cwts. The 
beds are not watered, for three days after planting. Light 
irrigation is then given once in three days. The tubers begin 
to sprout in a week and in ten to' fifteen days are fully up and 
showing above the ground. A hand hoeing is now given and 
weeds are removed. The growth of the crop is now rapid and 
good irrigations are now given once iu five days or a week. 

In forty-five days the plants are well grown and the tubers 
begin to form. They are now ..earthed, up by splitting the 
ridges and making them into furrows. Irrigation once a week 
or ten days is given liberally and the crop matures in another 
forty-five days without further attention. The leaves become 
yellow and the haulms and leaves also begin to dry. The tubers 
are now dug carefully, any bruising or cutting of the potato 
being avoided scrupulously. As the tubers part from the stolons 
with great ease the tubers need little beyond picking up. The 
tubers are generally clean and free from adhering earth except 
on the soils somewhat clayey which is exceptional, and require 
little or no special cleaning. They are heaped up in the garden 
covered with the haulms of the potatoes for a week, when the 
tubers dry a little and the skin adheres more firmly to the 
tubers. The produce is now roughly sorted to remove the very 
small tubers and then sent on to the market for sale. The 
larger growers however store the produce for some time to avoid 
the slump usual at harvest time and sell when prices improve. 
Storage is on good tiled or masonry floors in airy rooms where 
the tubers are spread in a thin layer and never heaped up. 

Cultivation as rainfed crop. — To a small and someVhat 
insignificant extent in Hassan and Eadur, potatoes are raised as 
a purely rain-fed crop. The potatoes are planted in fields which 
are kept ready, well ploughed and prepared in the late rains 
after the previous year's dry crop of ragi has been harvested. 
This enables the planting to be made with the very first of the 
early rains in the month of April. The fields' are further 
ploughed and worked with the bladed harrow and then furrows 
are ploughed both lengthwise and crosswise at a distance of 
18 inches from each other, laying the field into 18 inch squares. 
At the intersection of i the furrows a whole seed potato is planted. 
After the crop begins to show above ground the interspaces are 
worked with the bladed harrows to remove weeds and then the 



MISCELLANEOUS tfOOD CROPS —POTATOES 245 

interspaces are ploughed. Before ploughing, a little cattle 
manure is put around the potato plants. Some three furrows 
are ploughed both along and across these interspaces and the 
poiato rows are thereby well earthed up. With regular rainfall 
the crop matures normally and yields quite a good crop of large 
sized tubers, sometimes equal to the yield under irrigated 
cultivation. For large scale cultivation under conditions of 
suitable rainfall, the method is quite suitable and is, as a matter of 
fact, adopted. Thus in the Dharwar district farrows for plant- 
ing are made two feet apart and the tubers planted 18 inches 
apart in the rows. The potatoes are planted either whole or cut 
into pieces or ' sets.' 

Planting of cut seta and of whole potatoes. — Where the 
cultivation is at all large on anything like a field scale and not in 
the manner of the garden cultivation as practised in Mysore, the 
seed tubers are planted whole. Usually it is only the small 
tubers that are reserved for seed, the medium and the larger one9 
being snld for table purposes, the consideration being one of 
economising cost. The smaller tubers however yield tubers of 
only small and moderate sizes with only a small proportion of 
large sized tubers while if medium and large size tubers are 
planted there is a high proportion of large tubers. In some places 
tubers of different sizes are planted in separate fields, or some 
growers plant large tubers, others only small or medium ones, 
depending upon the market to which the supplies are made, and the 
general trend of prices for the different grades. This difference 
between planting large and small tubers is reflected more in the 
size of the potatoes obtained and in the relative proportion of 
the large and small rather than in the actual tonnage of the 
crop yielded. In planting cut sets, seed is still further economised 
and the cost is greatly reduced. In addition to this economy, 
the planting of cut sets has the advantage that the ,hateJOTj>£, 

the tuber can be inspected, „. and, diseased : tgbers , detected _, and 

"Siscafded. This is especially the case in the ' ring_ ' disease,, -one 
of the worst of potato diseases. Seed tubers a"ffecfced with the 
disease though outwardly sound possess inside a characteristic 
brown or dark ' ring ' of affected tissue along the margin which 
is seen when the tuber is cut across. This is the only way in 
which it can be detected. If such tubers are planted not only 
do they infect the plants round about but also infect the soil and 
make it unfit for a succeeding crop of potatoes or other 
solanaceous plants. The discarding of such tubers is therefore of 
the greatest importance and this is made possible only by the 
method of planting cut sets. Sets may be cut small or 
large; in the latter case the tuber is cut into two along the 
lengtb, so that the eye buds are about equal in number in both 
the sets. The cut is made from the bad end to the stem 
end of the tuber. When cut into smaller sets, they are 
so cut that each set has at least one good 'eye'.. It is necessary 
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to have a glass of dilate permanganate of potash solution 
handy when the seed sets are being cut, so that in case 
diseased tubers should be cut across, the blade of the knife may 
be dipped into the solution before cutting another tuber as a 
safeguard against infecting sound seeds. 

Yield. — The quantity of seed required to plant an acre is 
from 7 to 12 cwts., in the way in which it ia cultivated in 
Mysore. Yields are generally tenfold, and a good crop yields 
up to 500 maunds or about six tons an acre. Average yields are 
reckoned as only about three to three and a half tons an acre. 

Botany and Varieties. — The potato plant, distinguished 
botanically by the name ' Solanum tuberosum,' belongs to the 
natural order 'Solanaceae' which comprises some important field 

Jnd garden crops as thebrinjals, tobacco, chillies and the tomato. 
?he potato is the swollen end of underground ptems, called 
stolons which branch from the main stem underground and 
grow somewhat horizontally and develop into tubers at the end. 
As a swollen stem the tuber bears several eye-buds which in 
time can grow into new stems and leaves and if planted in the 
ground give rise to new plants. If the 'eyes ' on a potato are 
removed or damaged, the potato cannot give, rise to anew plant 
and therefore potatoes with damaged or moth-eaten eyes are unfit 
for being planted as seed potatoes, The potato plant has a thin 
herbaceous stem which grows to a height of about a foot or a 
foot and a half, but some varieties grow to a height of two feet 
or thirty inches and have a tendency to bend down and lie almost 
fiat on the ground for want of support somewhat like an unstaked 
tomato plant. The roots spring from the base of the young stem 
and- branch into two or more main roots and rootlets which 
traverse a depth of about a foot. Springing from about the 
same point on the stem are stolons or underground branches 
which grow almost horizontally and close to the plant itself 
generally at a depth of four to six inches. These stolons send 
down roots further down and at the end swell into tubers, large 
or small. These tubers begin to form about„.six weeks after 
planting and then grow in size. According to the variety; the 
tubers are found very close to the plant almost hugging the base 
or up to a distance of about six to nine inches and likewise lying 
deep or shallow according to variety. \/The ripe tuber passes 
through a resting period of about three to five months and then 
starts growing from the eye-buds, whether left in the ground 
or after harvesting and keeping that length of time. The leaves 
are compound and pinnate, the leaflets being somewhat ovate 
with a narrow pointed tip depressed along the midrib and often 
showing a crinkled appearance. In addition to the larger 
leaflets, there are smaller ones of the same shape which almost 
appear like leafy bracts at the base of the leaf stem and between 
the larger leaflets. The potato plant will sometimes bear 
flowers; in some varieties more plants bearing flowers can be 
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met with, and in others none at all. The propagation by means 
of the tuber for generations has evidently deprived the plant of the 
flower bearing habit almost entirely. Even among the plants that 
do flower, the flowers merely shed away without setting fruit ; bat 
occasionally plants are met with in which the flowers set fruit 
which ripen and produce seed. The potato flower is very much 
like the flower of the brinjal, some white and some light blue in 
colour, and consists of a calyx with five segments, a corolla with 
five petals, and five stamens in which the anther lobes surround 
and cover the pistil like a hood. The fruit is a rounded berry 
about the size of a marble, with the seeds in two cells. Though 
all seeds.are not viable, many can sprout and 'give rise to new 
plants.w*"As the potato plant is cross-fertilised in nature, the 
plants raised from these true seeds often give rise to varieties 
quite different from the parent plant. This is taken advantage 
of in securing new and better varieties of potato and these new 
varieties can in turn be easily propagated vegetatively by plant- 
ing their tubers. 

There are many varieties in the cultivated potato which 
however all resemble each other in most of the general charac- 
teristics. Among wild types recently explored in the South 
American Continent which is regarded as the home of the 
potato, some remarkably diverse forms have been discovered 
which differ from each other and the cultivated potatoes in many 
important respects such as habit of growth, height, fruiting habit, 
size, shape and colour of the tuber, freedom from disease and so 
on. As far as the cultivated varieties are concerned, they differ 
principally in the tuber characters, such as colour, shape, size 
and quality of the flesh of the tuber. Broadly they may be said to 
fall into two classes, the waxy potatoes and the mealy potatoes. 
The flesh of the former as the name denotes is firm and holds 
together when cooked, whereas the latter when cooked breaks 
down into a soft somewhat powdery meal. The waxy potatoes 
are also somewhat yellow in the colour of the flesh while the 
mealy kinds have a white flesh. Varieties differ again in 
the colour of the outer skin or rather the skin just under the 
epidermis. While in the large majority the colour is the familiar 
corky brown made somewhat deep or light according to the 
colour of the soil in which it is grown, there is a class in which 
the colour is deep purple. Varieties differ in the shape of the 
tubers; thus, some are round, and others are flatfish and oval — 
the so called ' kidney ' potatoes — and others again are somewhat 
pear-shaped ; some are smooth with very few eyes and others 
have many eyes. Again in some the eyes are deep and sunken 
giving the potato a highly pitted appearance, while in the others 
the eyes are almost on the surface. The presence of many eyes 
and of the sunken type is a great disadvantage jn^peeling as 
against the ease of peeling possible" " in the. smooth "potatoes. 
Varieties differ to some extent in the period they take to mature; 
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some are late and some a little early. Differences also exist in 
their productivity and hardiness or ability to withstand a break 
in the irrigation. Varieties differ also id the size of the tubers 
they yield, and in some the predominant type is large while in 
others the small sizes predominate. The varieties cultivated in 
the different parts of India are said to comprise Borne thirty in 
number, but those of commercial importance are only about eight. 
The varieties in Mysore are only two in the main, 'oi'ST, the round, 
many-eyed waxy potato called Ilharwar— which is the acclima- 
tised Italian white round, and the large flattish oval smooth 
mealy potato called Eicketts. The latter is somewhat early, 
taking about twd to three weeks less than the Dharwar but it is 
somewhat delicate, requires regular watering without any long 
break. The varieties grown on the Nilgirig — the important 
potato tract in South India — are largely two, viz., the Great Scot, 
a large round potato with several deep eyes, and waxy yellow 
flesh and the Eoyal Eidney a large flattish oval type white 
fleshed and mealy. Several new types have been introduced and 
these are now grown on comparatively small areas. These 
are British Queen, Up-to-date, Magnum Bonum, Beri Cruachan, 
Late Carman and Arran Comrade. The Bombay types, largely 
the ' Italian White Eound ' called the Dharwar in the Mysore 
State, and the Upper Indian varieties comprise three types, 
white round, coloured round and coloured oval. In the white 
round type come the '.Phulwa ' class which is the only class 

which flowers in the plains. It also comprises another class 

' Gola ' which is an early variety taking only 65 to 7-5 days to 
mature a crop. In addition a large number of European intro- 
duced varieties are also grown to some extent. 

Pests and Diseases, 

Insect Pests. — -The potato is subject to several insect pests. 
These are U) Epilachna beetles, on the leaves, (2) cut worms on 
the tubers and the stem, (3) the potato moth qd potatoes in 
storage and in the field. The Epilachna beetles are a leaf-eating 
pest. The grubs of the beetle, eat the green material of the leaf 
and the stems and the leaf petiole, turning the leaf into a patch 
work pattern of the cellulose skeleton of the le&f and weakening 
the plants greatly. In bad cases serious damage is done and the 
growth of the plant prevented or much retarded. The broods 
appear in quick succession and adult beetles, pupae, and the leaf 
eating grubs can all be seen on the plants at the same time. 
The control measure consists in keeping a sharp look out for 
these grubs in the plants and to handpick and destroy them. 
This will effectively prevent the spread of the pest. If no notice 
has been taken in the early stages and the pest has consequently 
increased greatly, then the plants will have to be sprayed with a 
stomach poison such aB lead arsenate. 
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Cut worms are an underground pest and damage the plant 
by cutting the stem away at the bottom as the result of which 
the plants wilt and die. The wilting of the plant is often likely to 
be mistaken for a similar symptom due to the ring disease, but 
if the soil around the stern is slightly removed, the attack of the 
cut worm can be made out. The soil for a short distance 
around the plant will have to be searched for the cut worms 
which generally are not far from the plant attacked and should 
be found and destroyed. If the stem is not completely cut 
through, the plant can be saved by earthing it up and pre- 
venting it from breaking off. The field should be gone over 
then to see if any plants are wilting and such wilting plants, if 
any, should be examined and treated as above. As these grubs 
are generally present in the cattle manure used, the manure 
should be examined for these when it is being applied and grubs 
when found should be destroj'ed. 

The potato moth {Phthorimoea opercuUlla, Z) is a serious 
pest of stored potatoes. The eggs are laid in the eye buds of the 
potatoes; the grubs on hatching out destroy the eye buds and 
then tunnel under the skin and into the flesh of the potato. 
Owing to the damage by the borer and the rot which sets in as 
a result, these potatoes become unsaleable as edible potatoes. As 
seed potatoes they are still more unsuitable, not only because 
the eye buds have been eaten and the potato cannot sprout but 
aUo because the crop in the field can also become attacked and 
the pest brought into the store again in the infected potato. By 
far the greatest damage takes place however only in the stored 
tubers. Control measures are (1) to inspect the potatoes to be 
stored and separate all tubers showing signs of attack by the 
borer, which may be sold and to store only healthy sound pota- 
toes, (2) to keep the store or godown clean and well swept 
especially in the corners and cracks so as to x'emoye pupae of the 
moths from the store, (3) to keep the sound potatoes under a 
layer of sand about 2" to i" deep. Tubers will have to be taken 
out and inspected for rots due to other causes and every time 
after such inspection is made and the damaged potatoes removed, 
the produce will have to be put under sand again. The tubers 
are spread in a layer of about 9" to 12" preferably over a bed of 
dry sand, and then covered with a 2" to 4" layer of sand. For the 
preservation of potatoes intended for seed or when the quantity 
to be stored is not large, this method will be found quite suitable 
and effective. In Bombay fumigation with petrol is the method 
adopted to rid potatoes of the moth before it is stored. The 
method is described under ' Storage of Potatoes.' 

Diseases. 

1. Bacterial Wilt,- — The potato is subject to a bacterial 
disease — called Eing Disease, or bacterial wilt— which is perhaps 
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the most serious disease of the potato in South India. The pre- 
sence of the disease can be made out in the affected tuber, by a 
dark or brownish ring, sometimes complete and extending to the 
full circle of the vascular tissues or showing only in a part of 
this line, which is seen when the tuber is cut, across.' The ring 
of the discoloured tissue commences from the base of the stem 
end or the union of the tuber with the stolon and traverses the 
circle in whole or in part. The affected vascular bundles are 
filled with the bacteria causing the disease, viz., Bacillus solana- 
oeanim. Plants affected in the field begin to droop, wilt and 
gradually die away. In the early stages the wilting can easily 
be mistaken for the attack of the cut worms. The wilting is 
due to the blocking or choking of the vascular bundles by the 
millions of bacteria growing and multiplying in them and there- 
by preventing the rise of water and sap into the stems and 
leaves above. In bad cases a very large number of plants 
become affected and serious loss is caused. 

The. wilting is generally seen to commence after the plants 
are somewhat well grown usually about six weeks after planting. 
Moreover before the plant completely dies down, several tubers 
have already formed. The result is that infected tubers can be 
found in nearly all stages from very young tubers to those which 
are quite mature. This accounts for the presence in both com- 
mercial edible potatoes and in seed potatoes of a more or less 
large number of tubers which are infected and show the disease 
clearly when cut across. The infected tubers rot more readily 
in storage, and cause loss in that way also. It is indeed recom- 
mended that' such potatoes should be dug early and sold without 
being stored for any length of time. 

The disease gains entry into the plant in one of the following 
ways, vie., (1 "> infected seed tubers, (2) infected soil, and (3) the 
irrigation water flowing past infected plants and carrying the 
infection to other plants in the row. Infection through the 
agency of insect vectors is not excluded but has not been found 
an important source in India. 

Control measures are only of a preventive character, The 
greatest care is required in selecting disease-free seed tubers. 
Generally the standing crop is inspected by the prospective 
purchaser of seed to see if it is free from diseased plants, Seed 
is also purchased from tracts which are considered disease free. 
When cutting sets for planting, those sets which show signs of 
the disease have to be rigorously excluded, and after an infected 
tuber has been cut, the blade should be cleaned by dipping in 
permanganate of potash or alcohol before cutting another set so 
that in case the latter should be a sound tuber it should not 
become infected by the blade. No potato crop should be grown 
on soil on which the previous crop was infected, and a field once 
infected should not be put under potatoes, . chillies, tobacco or 
brinjals for some years. The exact period of this interval is not 
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known, but three seasons of a non-solanaceous crop for which 
the cultivation includes a good hot weather digging and weather- 
ing of the soil have been found to give sufficient protection. As 
a matter of fact careful cultivators follow the potato crop with 
non-solanaceous crops like irrigated ragi, maize, peas, beans and 
so on, for a couple of seasons before putting the field under 
potato again. This will generally mean an interval of eighteen 
months including a good hot weather fallow of deep digging. 

A method of seed treatment by which the seed potato is 
sterilised without impairing its germinating capacity has been 
stated to be effective in controlling the disease. The method 
consists in subjecting seed potatoes to dry heat at a temperature 
of 58°C. for a period of four hours. At this temperature the 
Bacillus solatia ct- arum is completely killed out even after an 
exposure of ten minutes. After the four hours' exposure to this 
temperature, the seed potato is free of the living bacilli and when 
planted gives rise to plants free from disease. The treatment 
does not injure the germinating capacity of the tuber. The 
method does not appear to have been tried on anything but a 
laboratory scale. ' 

2. Alternaria. — Another disease causing much damage 
and which is of more general occurrence is the 'Alternaria, 
solani, or 'early blight.' The disease appears in the form of 
brown spots on the leaves generally of the well-grown plants, 
which increase in size causing the curliDg and drying up of parts 
of the leaves. Plants are not killed out but further growth is 
retarded and the plants are greatly weakened and depleted 
largely of the reserves in the leaves for the development of the 
tuber. The result is poor tuber formation, only small tubers 
and few in number being formed and the crop becoming greatly 
reduced in both quantity and quality. The disease appears 
when the season is rather dry and irrigation water is not plenti- 
ful and soil and manuring not of the best and also on the 
varieties which are newly introduced. Fortunately it can be 
controlled very effectively by spraying with Bordeaux mixture. 
The spraying should be done as soon as the disease appears, and 
for this purpose the crop should be watched for the signs of the 
disease. It may be necessary to repeat the spraying a second 
time. In the early stages the crop should be stimulated if pos- 
sible with a little more manure and heavier irrigation. 

3. Irish Blight, — The most dreaded disease of the potato 
which often appears as an epidemic and which at one time 
devastated the potato crop of the whole of Europe, notably in 
Ireland, leading to conditions akin to famine is the ' Potato 
Blight ' — Phytophthora infestans, also called ' Irish Blight'. It 
is known to have occurred in Bengal in an epidemic form in the 
year 1913, Owing mainly to the high temperatures in the 
plains, the disease does not occur under Indian conditions 
though in an endemic form it exists in the potato tracts 
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of the hills. The disease appears when the plants 
are two to four months old and causes the death of the 
plants within a startlingly quick period. The affected 
plants show brown patches on the leaves, which increase and 
extend to the stalk rapidly, causing the plant to wilt and fall 
over and rot in a day or two, giving rise to a black evil-smelling 
rotten mess. The undergrouud parts and the tubers are also 
affected ; a kind of wet rot sets in on account of which many 
tubers rot away completely before harvest. In dry soils a dry rot 
sets iD, in which the surface of tubers show irregular depressions 
with a corresponding drying of the tubers inside ; such tubers can 
however be harvested and stored although when used as seed they 
may or may not give rise to the disease according to circum- 
stances. Where the mem temperature exceeds 77°]?., the 
disease is said to be unknown, and the manner in which the 
disease is carried over from one year into another is rather 
obscure. Heavy nitrogenous manuring giving rise to over luxuri- 
ant plants is regarded as a pre-disposing cause in addition to 
weather conditions. The control, measure consists in spraying 
the plants with Bordeaux mixture which should be done much 
in advance of the outbreak of the disease in areas where the 
disease is known to occur. In India the disease does not occur 
normally to any extent, though in an endemic form it exists on 
the hills, the seed supply from which may, if weather conditions 
should unfortunately be favourable in a year, start the disease. 

i, Scab.-— Potatoes are also subject to ' Scab ', a condition in 
which the outer skin of the potato tuber becomes dry, crusted 
and corky in patches. This condition is brought about both by 
several parasites (Oospora, Spongospora, etc.,) and also probably 
by non-parasitic agencies. The disease is not met with in South 
Indian potatoes. The disease when present is controlled by 
treating the seed potato (whole) in a solution of mercuric chloride 
(corrosive sublimate) made up of 4 ozs. of the material acidulated 
with two pints of commercial hydrochloric acid and diluted with 
25 gallons of water. The seed tubers are dipped in the solution 
for 10 minutes and then dried immediately and stored. The 
method is of course useful only to destroy the fungus on the 
tubers and does not prevent entry from the soil or other 
sources. 

5. Warty potatoes. — Potatoes are subject to a kind of 
malformation in which warty outgrowths develop on tbe potatoes 
looking sometimes like small eruptions and sometimes like 
larger warts. The growths are due to the attack of eelworms in 
the soil, and occasionally one or two of these can be seen embed- 
ded in the tissue of the affected potato. These warts give a 
most ungainly appearance to the potato which cannot for that 
reason be easily sold. The disease can infect the soil by the 
planting of such potatoes as seed, and the discarding of such 
potatoes from the seed lot is therefore a necessary precaution 
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against the disease. Deep cultivation and the weathering of the 
soil in the hot summer, combined with the planting of other 
crops like grains and pulses instead of potatoes in such soils will 
help to rid the soils of the eelworms. 

Storage of Potatoes.— Among the methods of storage 
commonly adopted comes firstly the storage under sand to which 
reference has already been made. The potato layers area foot 
high and are covered full by a 2" layer of sand. After a week 
they are taken out and if heat has developed in the heap the 
stock is left uncovered for a couple of days, the damaged tubers 
are removed and the sound potatoes pat under the sand again. 
This process of opening the heap and removing the damaged 
tubers has to be repeated several times. A second practice is 
that of keeping the potatoes in baskets arranged in a platform, 
the potatoes being examined now and then to remove the 
damaged ones. A third practice is adopted in parts of Bombay: 
potatoes are stored in pits dug in the fields. These pits are 18" 
deep and 2£' to 3' wide with length to suit the quantity to»be 
stored. The pit is filled with water and after the water has 
soaked in, the sides and bottom of the pit are lined with ' neem ' 
leaves (Melia azhadiraehta) the tubers put in and piled up about 
3£ feet high and covered with the same leaves and then with 
earth. A trench is dug arround the heap and water allowed to 
stand to keep the heap cool . A variation of this method is 
adopted in the C. P. In this method ventilation shafts are 
provided for these heaps, by means of long bamboo hallows 
(with the septa at the nodes knocked out) which are stuck like 
chimneys at regular intervals, the lower ends planted inside the 
heap and well secured and the upper end open and communi- 
cating with the atmosphere outside. A system of fumigating the 
potatoes prevails in Bombay and it is carried out in this way, 
viz., good cement lined pits cylindrical in shape, seven feet 
in diameter and six feet deep, with the upper lip made in the 
shape of a circular gutter are constructed and the tubers tied up 
in Sags are put into these pits. The pits are provided with lids 
of wood or iron, the rim of which fits loosely into the circular 
gutter; water is filled into the circular gutter and when the lid 
is put on, it becomes air tight. Cotton wool soaked in petrol is 
placed in small trays in the pit in several places as the store is 
being filled and then the lid is put on. The potatoes are left 
thus for 24 hours, and this period is found sufficient to kill all 
the moths. The fumigation does not kill the eggs, and so after 
ten days the potatoes are fumigated a second time, when the 
lar.vse hatch out and are killed by the fumes. 

Gold Storage. — A great deS.1 of loss takes place in these 
methods, mostly by driage and rotting. The loss may range 
from 20 per cent in the best conditions and up to 70 per cent in bad 
conditions. Storage without much loss can be effected only when 
it is under very low temperatures. Experiments over a series of 
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years in the cold storage of potatoes have shown the following : — ■ 
(1) at 35° F sound potatoes can be stored almost indefinitely 
without sprouting; at higher temperatures the tubers sprout in 
storage at varying intervals and at 40° F. they can be kept with- 
out sprouting for about nine months, if the tubers are stored 
immediately after harvesting ; afc lower temperatures than 35° F. 
the tubers developed " black-heart " disease, the inside of the 
tuber becoming black and hollow. (2) at 35° F. and 40° F. storage 
does not impair the germinating capacity o£ the tubers; after 
storage for the desired . period potatoes taken out and kept at 
68° F. sprout vigorously. The period required for this germi- 
nation decreases with the increase in the period of storage at 
35° F. and 40° F. (3) The loss in weight of stored potatoes kept 
in bags or crates was about 5 per cent after storage for five months 
at 40° F. In practice therefore storage at temperatures between 
35° F. and 40° F. is found a very effective method of preserving 
potatoes whether for seed or table purposes. Gold storage 
facilities intended exclusively for potatoes now exist in several 
centres in India, such as Meerut, Sialkot, Patna, Jammu and 
Karachi. 

Chemistry and uses, — The potato as a food crop is remarkable 
in that the amount of food material it yields per acre is higher 
than that yielded by any other food crop including the cereal 
grains — wheat or rice. A six ton crop of potatoes which may be 
taken as a good crop will contain about 1^ tons of starch, a quan- 
tity which, cannot be approached by the best crops of wheat or 
rice. Potatoes are almost exclusively a starchy food. The 
potato is both a human food and an important food for cattle and 
pigs. In India the, production is not so great as to warrant its 
utilisation as anything but a human food. , . 

The chemical composition of the potato is as follows : — 

Moisture 75 per cent, albuminoids 2'1 per cent, fats 0"3 
per cent, carbohydrates '20'6 per ceut, crude fibre 1"1 per cent 
and ash 0'9 per cent. 

In addition to its being an important article of food, pota- 
toes are used for several industrial purposes, notably for the 
manufacture of lamia or starch and for the production of alcohol. 
The farioa or potato starch is largely in demand for use in 
laundries, for sizing yarn in the textile mills, and .for the 
preparation of puddings, pastry etc. In India rice starch 
is used for these purposes but farina is also imported by textile 
mills to the extent of some 4,000 tons valued at nearly Bs. 6| 
lakhs per year. 

The utilisation of potatoes for the production of alcohol is 
an important industry especially in Germany, where the alcohol 
is used mainly for industrial purposes. The residue left after 
the fermentation of the potato starch is a highly nutritious 
cattle food and is utilised largely for that purpose. A ton of 
potato is reckoned to yield 20 gallons of 95 per cent alcohol. 
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Other uses for industrial purposes are the production of 
dextrin and glucose. 

As a food product itself, potatoes are also largely converted 
into dried potatoes and products known as ' dried* ', ' sliced ', 
' shredded ' . or ' rice ' potatoes are prepared on a large factory 
scale. For this purpose the potatoes are peeled, sliced, shredded, 
or cut, slightly steamed or immersed in bailing water for some 
minutes and dried either in the sun or in special drying 
chambers. For other products the peeled potatoes are. steamed 
and crashed, and the palp dried and flaked by passing through 
hot rollers. These dried products keep a long time and 
are suitable for transport to long distances. 

Production and Trade. — The area under potatoes in India 
(1939) was estimated at 448,700 acres, of which about 90 per 
cent are grown in the plains and the remainder on the hills. 
The main areas of production are in Upper India which 
accounts for 80 per cent of the area. The area in Bombay is 
estimated at 34,500 acres. In. South India the Nilgiris has an 
area of 14,200 acres under potatoes and Mysore has 5,700 acres. 
The annual production in India is estimated at 1,700,000 tons 
in addition to which the country imports about 50,000 tons every 
year. There is also a small export of potatoes from India to the 
extent of about 4,000 tons per year. The export is mainly from 
Mysore which accounts for over 45 per cent of the total exports, 
while Madras (Nilgiris) accounts for about 31 per cent. The 
bulk of the exports amounting to over 75 per cent is shipped to 
Ceylon. 

III. TAPIOCA (Manihot utilissima). 

Vernacular names foe TAPIOOA :— Zannada— Mabagenasu ; 
Tamil— Mabavalli kizhangu, Bzhelai kizhangu ; 
Telugu—K&'KRA. ; Malayalam — MARACHINI KIZHAKGU, 

Among the miscellaneous food crops of South India the 
tapioca or cassava plant occupies an important place. Over 
many parts of the country the crop is grown with great ease on 
nearly every type of soil, on good cultivated fields, .on rough 
undulating land and hill slopes and with comparatively little 
attention and expenditure yields a surprisingly large amount of. 
valuable food material in the shape of its abundant edible roots. 
These can be consumed directly as food or first converted into, 
tapioca flour and then used for food purposes. When grown 
solely for the sake of the tapioca flour, the crop assumes industrial 
importance, is grown en a large scale and the roots produced are 
handled on a factory scale by special machinery. In India it is 
at present grown only on a small scale by individual cultivators 
for their own- household needs or for petty trade. The conversion 
of the produce for food does not involve any troublesome 
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processes at all, as the roots require nothing more than steaming 
or boiling. Some varieties indeed can be eaten raw. The crop 
is comparable with the sweet potato in this respect, bat the 
produce is more abundant, the cultivation less laborious and the 
soil and other requirements less exacting. As a poor man's food 
there are few crops to equal it. Its introduction into South 
India,, especially in Travancore, was with the object of relieving 
distress and as a substitute for rice; its immediate popularity 
which it still continues to maintain shows how well it is adapted 
for this purpose. Its cultivation deserves to be extended largely 
in the country. • 

Distribution, Glimaie, — The tapioca plant is said to be a 
native of Brazil, South America, where it has been groWn from 
ancient times and exists in a large number of varieties or races, 
which possess marked differences. It is predominantly a crop' 
confined to the tropics- and a zone on both sides of the equator 
up to the 25th parallel of latitude may be taken to be the limits 
for its satisfactory cultivation. The crop does not stand much 
cold and, while frost is fatal, even under the moderate cold 
weather of northern India the crop does not do well. With 
the advent of the cold weather months of November and December, 
if the plants are left standing, they tend to shed the leaves and 
the roots too are said to soften and lose quality. The crop can 
flourish from sea level up to elevation? of 8,000 or 3,500 feet, above 
which the low temperatures of the cold months make the tracts 
unsuitable. The crop can however staad very heavy rainfall even 
up to over 100 inches. Under the regular and abundant rains 
of the tropics the crop luxuriates and in these areas it can be 
grown purely as a rainfed crop. Many hill slopes and undulating 
country which cannot be put under ordinary field crops can 
under these conditions be cultivated with the tapioca like a 
plantation crop. In the plains and the tracts of moderate rainfall 
the crop requires irrigation and indeed has to be grown like a 
garden crop. 

The crop is said to have'been introduced into India variously, 
viz., (L) by the Portuguese, (2) by the Dutch through the East 
Indies into Oeylon and India and (3) through Spanish influence 
into the Phillipines from where it passed into Indo-China, Burma, 
Assam and Eastern Bengal. In South India tradition has it that 
its introduction into Travancore was due to the efforts of one of 
its rulers who wisely foresaw its great potential usefulness as a 
food crop to the people of that country. It is as a matter of fact 
in Travancore and the west coast districts that it is an important 
crop at the present time forming the staple food crop of many 
poor people. 

Soils. — "Well drained garden loams are the soils best suited 
for the crop. The lighter somewhat sandy loams are preferable 
to those with a higher clay content. In the east coast districts 
it is mostly on such sandy soils that it is grown. On the west 
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coast however it is the lateritio loams, which are decidedly olay jp 
loams aud which form the predominant type of soils ttnce, a--j 
the soils which are and indeed have to be pat under fche crip. 
These soils are however improved in texture and enriched by 
additions of leaf mould, ashes and household refuse. Drainage 
is of great importance and the slopes and hill sides are naturally 
well situated. The crop also likes open sunny situations and 
does not do well under shade. It is furthermore considered to 
be an exhausting crop and the crop which follows it in the 
rotation has to be heavily manured. The crop takes from eight 
months to twelve months and even more to mature and harvest, 
according to the variety. It therefore becomes the only crop of 
the year on the land. It is usually grown pure, but occasionally 
it may occupy only a few rows either along the margins or in 
the midst of other crops. 

Cultivation. — The land is dug or ploughed as for garden 
cultivation and well prepared by the breaking of clods, removal of 
stubble and weeds and roots, etc. The soil is also lightly man- 
ured with five or six cartloads of cattle manure per acre. The 
manure may also be added at a later stage if the planting is to be 
in pits and not in furrows. Deep furrows are made at distances 
of three feet from each other and the field is laid into beds 
suitable for irrigation. On upland soils and generally under 
rainfed cultivation pits are dug about nine inches deop and at 
distances of three feet in the rows, which are three to four feet 
apart. The preparation of the field is carried out and finished 
in time for planting the crop in the month of May (in garden 
cultivation), or at the beginning of the monsoon rains at the end 
of June. The month of September is also one of the planting 
seasons, especially where the situation is moist and earlief plant- 
ings may be too wet for the crop. 

The planting material consists of short lengths ' of the stem 
of the plant which are obtained when harvesting a previous crop. 
These cuttings are to be taken from portions comparatively 
young though ripe, and not from the woody bottom or the too 
tender tops. The cuttings vary in length in different plaaes; 
four inch cuttings are used in some places, while in others even 
two or three feet cuttings are used. Cuttings about eight to 
nine inches in length and having four to six good nodes each will 
be found quite suitable. The cuttings are prepared by making 
the lower end somewhat sharp pointed by means of a slanting 
cut for facility in pushing it into the soil. Cuttings are planted 
by sticking them upright or slantingly into the moist soil so that 
at least three nodes show above ground. Cuttings may also be 
planted by laying them flat and pushing them a couple of 
inches deep into the soft mud. 

The cuttings sprout from the nodes within a week and after 
the leaves are well opened the first weeding is given. The stem 
begins to make rapid growth and when the plants are two 

1(7 
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months old another weeding is given and if possible a light 
manuring also. Not more than throe branches are allowed 
per plant. Normally a height of eight'or ten feet or even more is 
attained according to variety before the plants mature. For 
good root development it is some times advised that the plants 
should be topped and not allowed to grow more than six feet in 
height. From about eight months onwards the roots are mature 
enough to be dug but a trial digging should be made of a few 
plants here and there to make sure and then the general har- 
vest may begin. Harvesting consists in cutting the plants down 
and then digging out the roots. The roots may be about 
three inches in diameter, 12 to 18 inches in length, and may 
weigh from 2 to 5 lb. each. If left for many months, and 
in curtain varieties, giant roots weighing as much as 24 lb. each 
can be seen in rare instances. A plant generally carries four to 
five moderately good sized roots. When cultivated merely for 
the household, it is usual to dig the roots as they are required in 
small lots every now and then and spread the harvest over some 
months until all the plants have been cut. 

Yield. — The yield of raw roots in varieties maturing in 
eight to twelve months may vary from 10,000 to 16,000 lb. per 
acre. The yield in Ceylon is reported _ as even higher, vis., 10 
tons an acre. Even higher yields are obtained, as for instance, 15 
tons an acre which was obtainad in certain trials in the West 
Indies. The longer duration varieties give much higher yields 
than the short duration varieties. The roots lose quite 75 per 
cent of their weight on drying, and the outturn of tapioca floor 
is 50 per cent of this dry weight (Ceylon figures). 

The leaves form excellent fodder ; for this .reason the crop 
has to be carefully guarded against stray cattle. The latter may 
indeed be said to be the only serious ' pest ' of the crop. 

Botany and varieties. — The tapioca plant — Manihot utilis- 
sima — belongs to the natural order, Euphorbiaceae, and the 
genus Manihot to which also belongs the ' Ceara rubber ' tree. 
The plants have tall thin straight stems which are marked along 
their length by numerous leaf scars. The stems vary in colour, 
being greeu, greenish white, light red or deep red according to 
variety; these colours correspond with that of the petioles and 
veins of the leaves, in each case. The plants grow to a height 
which varies from six feet to eighteen feet according to variety. 
The leaves are five lobed or seven lobed, with a long petiole. 
Petioles and veins are either green, ashy green, or red, and in 
an ornamental variety, the leaves ate mottled and striped green 
and white. The plants do not flower freely and often do not 
flower at all in cultivation. The flowers are inconspicuous, have 
a three celled superior ovary, which ripens into a capsule with 
three seeds. The plants possess large edible roots richly stored 
with starch, for the sake of which alone they are cultivated. 
The roots ripen and mature in from 6 niontbg to 18 months 
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according to variety. There is said to be a very large number 
of varieties both cultivated and wild in the native home of 
the plant, viz., Brazil, which differ in many characters such as 
the colour of the leaves and steins, shape, colour, roughness, 
length of leaves, height of growth, period of maturity, yield and 
quality of the roots. A' most striking difference which is of 
economic importance is the content of a bitter principle, a cyano- 
gen etic glucoside, in the roots. The varieties are therefore 
generally distinguished as 'bitter ' and ' sweet ' according to the 
presence or absence of this principle. The former cannot be 
eaten raw on account of the poison, and can be eaten with 
safety only after boiling them in water. Varieties are distin- 
guished by many local names such as Red Brazilian, White 
Brazilian, Singapore and Mauritius (in Malaya) which mature 
in 8, 9, 15 and 18 months, respectively. In South India we 
have the ' Travancore Red ', which is a tall variety somewhat 
drought resisting, and yielding roots which are said to have a 
fine taste. The ' Travancore white ' is a shorter variety, late 
maturing and yielding roots which are less fibrous and more 
sweet than the red variety. A newly introduced variety which is 
said to excel these is called the ' butter stick', and is now coming 
into cultivation. 

Chemistry and uses, — The poisonous or bitter principle in 
the roots of the bitter varieties is due to the presence of a glu- 
coside and also an enzyme which can decompose it and liberate 
the highly poisonous substance hydrocyanic or Prussie acid. 
The latter is present both as s,ueh and more largely in combina- 
tion as the glucoside. When after harvest the roots are stored, 
and begin to wilt, the acid is liberated. The poison is present 
more near the cortical layers than in the interior of the roots. 
Roots which are firm and have a somewhat yellowish flesh con- 
tain more of the poison than the softer kinds with white flesh. 
The presence of the acid can easily he made out by the charac- 
teristic smell. The enzyme is destroyed on boiling the roots, 
and the hydrocyanic acid is also dissolved out by the water, 
Prying the root slices destroys the poison more thoroughly. As 
a measure of safety, it is necessary that all kinds of roots whether 
called bitter or sweet are boiled before use, preferably also with 
the skin grated off and removed. 

The starch content of the roots varies within wide limits 
from about 16 to 26 per cent on the fresh weight. Even 40 per 
cent has been recorded. The following is the composition of a 
sample of fresh, tapioca root : — Moisture 59'4, proteins 0"7, fats 
0'2, carbohydrates 27 0. fibre 0, and ash 1-6 percent (Aykroyd). 

The roots may be used for consumption in different ways. 
They can be used as a vegetable like potatoes or sweet potatoes, 
after boiling. They can be cut into thin slices after cleaning off 
the skin, boiled moderately, and then dried in the sun and 
stored. Theae chips can be fried and eaten like potato chips or 
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ground into meal and eaten like porridge or converted into 
other dishes. For storage both dry chips and flour are suitable ; 
the latter is however better because the meal is not attacked as 
much by weevils as the chips. 

Tapioca Flour. — The pure starchy flour prepared from the 
roots goes by the name of tapioca or, when it is made somewhat 
crudely, by the name of cassava. Tapioca flour can be prepared 
from the roots on a domestic scale in the following way;— Peel 
or scrape the skin off and wash the roots clean. Grate the roots 
into a fine meal ; tie up in a bag of clean strong muslin cloth ; 
knead it well in water in a clean vessel. The starch will now 
pass into the water like a stream of milk, while the impurities 
will remain inside the cloth bag. Eepeat the kneading with 
fresh charges of water until no more white material passes 
through and the water comes out clean. The smooth white 
layer of starch settles to the bottom of the vessel as a thick sedi- 
ment, from which the clear water is separated by decanting it off. 
The wet starch is now dried in the sun and then on a hot plate. 
On a factory scale the operations are all carried out by means of 
suitable machinery. The starch is put into the form of pellets and 
flakes and torrified on hot plates, giving the ' pearl ' and ' flake ' 
tapioca of commerce. 
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CONDIMENTS AND SPICES. 
!. PEPPER. 

Veenaculak names For PEPPER: Kannada— Menasu ; 

Tamil — MlLAau ; Telug k-Mieiyalu ; Malayalcm~K.AMTmihA.GXj, 

Nalmilagu ; Hindustani— ■KaLIMIEICH. 

Pepper — Piper nigrum — or black pepper is the product of the 
pepper vine, which is a perennial climbing plant cultivated as a 
permauent plantation crop. It is cultivated as a pure crop on a 
plantation scale, as a mixed crop along with coffee or oranges on 
a large scale, and in arecanut gardens with the areca trees 
themselves as standards for the vines to climb on, and on a 
small scale in cottage gardens either hy itself or along with 
mango, jack or cocoanut as a mixed crop. In addition to the 
cultivated crop, considerable pepper is gathered from forests 
where it grows wild. 

Distribution, climate. — Pepper is closely allied to the betel 
vine — Pipec betle— but unlike the latter which is very extensively 
grown over a very wide range of conditions of soil, climate and 
situation, the cultivation of the pepper vine is confined to a very 
narrow range. It is only along the Malabar coast and extending 
inland to the cultivated zones on both sides of the Western 
Ghauts from the districts of Konkan and North Kanara in the 
north to Travancore in the south that it flourishes in India. 
Travancote and Malabar have been the important countries of 
cultivation from very ancient tiroes and still continue to be the 
largest sources of production. Outside of India its cultivation is 
of importance in Ceylon, Malaya, the Islands of the East Indian 
Archipelago generally, and chiefly in Sumatra, Java, Borneo and 
Siam. 

It requires a fully tropical climate and a heavy rainfall of at 
least 60 inches and a humid warm atmosphere such as is to be 
found amid the luxuriant vegetation of these regions. The crop 
stands a fairly wide range of temperature, as the average of the 
daily maximum in these regions may go up 100° 3?. and the 
minimum to an average of 60° F. with about 50° P. as the lowest. 
It requires the shelter and shade of well wooded situations. As 
regards altitude/ pepper can be grown from sea-level up to 
elevations of even 4,000 feet. 

261 



262 FIELD CHOPS OB 1 INDIA 

Soils. — The soils on which pepper is grown are the red 
loams and sandy loams overlying the decomposing gneisses and 
largely lateritic in type, of the kinds which comprise the hills, 
valleys and foot hills of the Western Grhauts of which the coffee 
and tea estates of the hill slopes and the areca gardens of the 
plateaus are largely composed. In the coastal belts where 
the river bank soils are sandy and alluvial and cocoanuts form the 
principal crop, pepper is not generally grown and soils higher up 
and more of the loams and clayey loam soils are preferred. In 
the Islands of the Bast Indies, the soils are more open but consist 
of exceedingly fertile and volcanic rock debris, compared with 
which these ancient formations in the Indian pepper tracts would 
be considered very poor and depleted. Pepper is grown in 
Situations where there is no of lack of drainage, on the slopes 
and elevated levels. In the arecanufc gardens where it forms 
an important mixed crop, elaborate arrangements are made 
for the drainage of the heavy rainfall, by means of a very efficient 
system of layout suited for thorough drainage. 

Starting a Pepper Garden. — As the pepper plant is a 
climbing vine, supports or standards have to be provided for the 
plants to grow on. Where a pepper garden is to be started solely 
for the cultivation of pepper, arrangements have to be made 
first for these standards. The standards are provided generally 
by quick growing straight-stemmed trees planted for this purpose. 
The trees selected for this purpose are the ' dadap ' or ' Erythrina 
indica ', and the silk cotton tree or ' Eriodendron anfructuosum.' 
The straight growing shade tree, silver oak — Grevillea robusta — 
planted generally as shade in coffee estates will also serve the 
purpose. Sometimes dead wood poles are used and even stone 
pillars, but these are rare. As temporary standards poles 
of wood or bamboo can be put up which will serve during the 
time that the permanent live standards are growing and can be 
replaced when the latter have grown to sufficient height and 
girth. The pepper is a shade loving plant and though the sys- 
tematic aDd heavy shade of the kind found necessary for coffee is 
not needed, a few good shade trees here and there, in the garden 
are found beneficial and should be provided. The gardens also 
need shelter against high winds and good sheltered valleys 
protected on the south-western side should be selected or in the 
alternative a suitable belt of trees as a wind break should be 
provided. In pure pepper gardens the vines are in groups under 
standards which are about 8 to LO feet apart each way. After 
the site has been selected and the ground cleared, pits are dug 
for the planting of the standards at the above distance apart. 
These eventually serve for the planting of the pepper vines also. 
Standards are planted either as straight branches or a6 seedlings 
from nurseries raised specially for the purpose. The planting 
should be made in the months of April to May, in the early 
rains, in pits which have been dug at the close of the rains in 
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the previous October and left to weather during the subsequent 
months, Planted in this manner the standards make enough 
growth to allow of pepper being planted in the month of August 
or September, about the time that the heavy rains are abating 
and coming to an end. 

Pepper is however more largely planted as a mixed crop in 
plantations of coffee or oranges, and in areca gardens. The shade 
trees in the former and the areca trees themselves in the latter 
form the standards and the planting of standards as such is 
therefore not necessary. Pepper may be planted thick or thin, 
as suits the fancy of the planter. In some cases practically every 
one of the shade trees carries a group of pepper vines and in 
others only varying proportions of the shade trees are used for 
pepper planting. The same is the case in areca gardens, where 
a larger or smaller number of areca trees have pepper "vines 
trained on them. In coffee or orange estates where the silver 
oak trees are usually about 24 feet apart each way, if every one 
of the silver oaks is planted to pepper then the estate should be 
considered a fully planted pepper estate although the number of 
pepper clumps at this rate will amount to only 70 per acre. Areca 
gardens contain at least double this number, as most of the trees 
exceeding the 30 year age group have pepper vines on them, 
when it is considered fully stocked with pepper. Pure plantations 
have of course a much larger number still, which may amount to 
300 or more per acre according as it is thickly or thinly planted. 

Cuttings for Planting ■ — The planting material for the 
pepper vineais furnished by cuttings of the vines, each about 
two to three feet long and these are planted at the rate of four 
or more to each standard, according to the size of the tree 
selected as standard. „ A great deal of care is required in getting 
the cuttings necessary for planting. Very often cuttings are 
obtained in cartloads from places where they may be available 
without any inspection of the parent vines from which they are 
cut or any guarantee that they have been taken from selected 
vines. The result is sometimes very disappointing, because when 
the vines grow and begin to bear many of them are found to be 
unsatisfactory. 

In selecting vines to obtain cuttings from, it will be useful to 
note the following characteristics of the pepper plant. Pepper 
plants bear flowers which are pistillate (female), staminate 
(male) or bisexual (containing both stamens and pistil). These 
different kinds of flowers are borne on different vines so that the 
vines may be classified as male vines, female vines and 
hermaphrodite vines. In the last kind of vines every flower is 
fertilised and sets fruit (normally) and the inflorescence grows 
into a well filled bunch of pepper. Other things being equal, such 
as length and number of inflorescences, size of the fruit and so 
on, this kind is the best one to obtain cuttings from. In the 
second kind of vine, via., the female, cross fertilisation has to take, 
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place before the fruit can set ; this is sometimes complete and 
sometimes only partial and in the latter case the bunch is not 
so full as it should be and many blanks are to be found. For the 
same length and number of bunches therefore the produce of the 
hermaphrodite vine is larger and more certain than that of the 
female vine. In the male vine, no fruit sets at all as the flowers 
are all male. At the flowering time these male vines are the 
most showy in the garden, the inflorescences are long and many 
and the vine looks as if clothed with stririgs of cream coloured 
beads, when the anthers are open. Within a few days however 
the inflorescences all wither and drop off. By the uninformed 
these vines are taken to be the most prolific aud when within 
a few days every one of the inflorescences sheds and the vine 
looks completely bare it causes no little disappointment. Such 
vines have therefore to be scrupulously avoided for obtaining 
cuttings from. Anything more than a bush or two of such vines 
for a large garden has to be guarded against. 

If cuttings are obtained from one's own garden or plantation, 
for extension or replacement, they should be taken from vines 
which have been previously noted as belonging to the hermaphro- 
dite class and the best performers. If not, then the gardens 
from which cuttings are proposed to be got should be inspected 
in the crop season and the good ones marked for taking cuttings 
from. Where large numbers of cuttings are required and large 
areas have to be planted in a single season it may not be possible 
to ensure cuttings from the best vines but it will be a safer plan 
in the long run to be sure of the quality of the cuttings and spread 
out the planting programme over two or three years rather 
than speed up planting with the risk of low yields permanently. 
It may be possible sometimes to get selected vines in certain 
gardens for cuttings and in such cases these vines should be made 
to give as large a number of cuttings as possible by reducing the 
length of the individual cuttings. The best method of ensuring 
a permanent and satisfactory means of obtaining good supplies 
of good cuttings is to plant and maintain a good nursery area 
where only choice cuttings should be planted, and the planting 
done in such a way that each clump or group will consist of 
cuttings derived from one single plant. This will ensure 
further purity in the parentage of the cuttings to be taken 
eventually from these clumps for planting out. 

Booted Cuttings. — Planting material may also consist of 
rooted cuttings. These are obtained by having a small nursery 
in which surplus cuttings are planted and made to root ; when 
much pruning is being done and there is no immediate demand 
for cuttings for planting, then the prunings are cut into short 
lengths and put down in a nursery to root, so that they can be 
made use of for planting when occasion arises. It will be advisable 
to have such a nursery handy, so that blanks may be filled with 
good rooted cuttings which will catch up with the cuttings planted 
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first. As a matter of fact when cuttings are got out from far-off 
places for planting, a large number fail to strike root. Thus 
out of 2,000 cuttings got out from Malabar and planted in the 
Mysore Government Farm at Marthur, only 150 cuttings or 7*5 
per cent struck root. Similarly out of another 200 supplied to a 
private farm only 30 cuttings or 15 per cent struck root, even 
though in both cases the transport was by quick motor lorry. 

Booted cuttings can also be secured by means of layering 
the branches from a growing vine. This is specially recommended 
for obtaining rooted plants from choice varieties or selected 
vines and from good bearing branches ; the rooted layerings from 
the latter begin to bear earlier than plants raised from ordinary 
cuttings. The method is somewhat laborious, but is quite worth 
while for obtaining specially good plants which will bear within 
the first two years after planting. Where extensions and new 
plantings are being made in one's own garden and large numbers 
are not required at one time the method can be adopted without 
difficulty. Such cuttings will begin to bear in the very first 
season after planting, but as in the case of budded or grafted 
plants they should be allowed to make good growth and become 
well established during a period of two or three years before 
being allowed to bear crops. 

Propagation by Layering. — -The layering of the vines is 
carried out in different ways. The layering can be made either 
in the ground or in special receptacles. The branches of the vines, 
if they are sufficiently low, can be laid flat along the ground 
under the vine and staked down at suitable lengths. The nodes 
in contact with the ground take root readily and when the 
rooting is sufficient, the rooted lengths can be severed from the 
parent vine and carefully removed each with a ball of adhering 
earth to protect its roots. In another method, the growing end 
of the layered branch is made to grow upright on a short length 
of stick planted close by, on to which the vine is tied. When 
the branch has rooted well, it is removed from the ground with 
a ball of earth adhering to the root and the vine growing on the 
stick. Instead of making the vine root on the ground, it can be 
made to root in soil kept in special receptacles such as shallow 
baskets or bamboo hollows split lengthwise into two halves or in 
areca sheaths. Baskets used for this purpose are 18 inches in 
diameter and some 3 inches in depth and are made of bamboo 
or brushwood. Even the husks of cocoanuts, if they can be had 
of the suitable size, can be used. The bamboo hollows are 4 inches 
in diameter and 18 inches in length. They are sawn across 
close to the node and then split into two halves along the length, 
giving thereby two semi-cylindrical hollows suitable for layering 
in. The branch to be layered is placed flat in the basket or 
bamboo hollow with the rooting node resting on and covered 
over with moist earth. In the case of the bamboo hollow, the 
growing end of the vine is made to point towards the node or 
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septum end of the hollow. After the vine strikes root and is 
severed from the parent branch and when it is ready for being 
planted in its permanent place, the rooted cutting with the whole 
of the soil can be slipped into the hole prepared for it and the 
bamboo hollow withdrawn carefully to be made use of again. 

The branches of the vine from which layerings are to be 
taken are the ones which grow near the base ; they grow to 
great lengths and usually straggle along the ground, often being 
trodden on and damaged. When it is proposed to make use of 
them for layering, they are carefully rolled up and made to rest 
upon the fork of a branched stick planted in the ground near the 
vine, to be taken down and laid flat for layering in one of the 
ways described. Another method of obtaining rooted plants is 
to ' marcot ' the vines. A lump of moist soil about the size of a 
small fist is put round the node, covered over and kept in posi- 
tion by tying over it a piece of cloth, gunny or other material. 
The node develops roots quite readily inside this lump of earth 
in the season, and the rooted vine can then be severed from the 
parent vine below the marcotted portion and made use of for 
planting. Layerings are also made from branches growing 
higher up ; in fact considerable cutting down or pruning will 
often have to be done in order to keep the vine within a 
convenient height and at that time much material is avilable for 
layering. In such cases some kind of scaffolding will have to be 
put up, carrying a rough platform on which the baskets or 
bamboo hollows can be kept and the vine layered. 

The season for layering the vines is during the south-west 
monsoon when the vines root at the nodes very readily. 
Pat down to root in the months of June to July, the rooted 
plants will be ready for severing and putting down in their 
permanent places by the end of August or the beginning of 
.September. 

The layerings so far described are from vegetative branches 
whose length has to be kept down or of which there iB too large 
a number. These cuttings whether rooted or otherwise when 
planted and well established take the normal period of four years 
to come into bearing. Sometimes it may be possible to layer the 
fruiting branches themselves, such as, when an areca standard is 
blown dowr). In such a case, a large number of fruiting branches 
becomes available for layering and the pepper bush which may 
otherwise go to ruin can be turned to good account. Layerings 
from such branches come into bearing in the very first season 
after planting ; bat they should not be allowed to crop for two 
seasons, so that they may establish a good root system and 
attain considerable growth of vine above ground. 

Seedling Pepper. — The pepper plant can be propagated also 
by sowing seeds and raising seedlings. JFor this purpose, fully 
ripe berries are collected in the month of April, at which time 
they are largely available. These fruits are put into water and 
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soaked for a night. They are then mixed and rubbed with a 
paste of cowdung and then sown in a nursery. The nursery is 
kept regularly watered. In 30 days the sprouts begin to appear 
here and there and in another fortnight they are all fully germi- 
nated and will grow into plants fit to transplant in July and 
August. The progeny will be of a mixed character, as the 
pepper is a cross-fertilised plant. The method is therefore not to 
be recommended for the ordinary grower. 

Planting the Vines. — The planting of the pepper vine 
whether of rooted cuttings or fre&h unrooted cuttings is done in 
the month of July. The pits are made preferably on the north 
and north-east sides of the standard, so that the damaging effect 
of the severe western sun may be avoided. Pits are dug about 
18" deep and 18" broad and 2 or 3 feet long in a somewhat semi- 
circular form below and around the standard and are filled about 
one-half with good jungle soil. In the case of unrooted cuttings, 
from three to six or seven cuttings are planted in each pit. This 
large number is really quite unnecessary but they are put in, 
because a large number often fail to strike root. If the cuttings 
are good and most of them take root then those in excess of two 
vigourously growing cuttings may be removed and used for filling 
blanks, where necessary. The planting is so rnatle that about 
18" of the lower end of the cutting lies slopingly over the earth 
in the pit, the upper portion of 18" or more being made to rest 
on the bole of the tree or other standard employed. The pit is 
now filled with more jungle soil and pressed round well with the 
hand. Water should not be allowed to collect near the. base of 
the tree a,nd the earth is heaped ap like a mound and not formed 
into a basin as is usual with other plants. After planting is 
finished the cuttings can be seen to lie in a semi-circular row 
about 2 to y inches from each other around the base of the 
standard with the upper ends resting on the standard like the 
prongs of a fork. In the case of rooted cuttings, the pits are 
made smaller in length, and are filled to the level of the ground. 
One or two cuttings are planted in each pit, the plants being put 
in without disturbing the earth round the roots, and the basket 
or bamboo hollow in which the cuttings were rooted is carefully 
withdrawn. The planting is just deep enough to cover the roots 
and one node of the vine above the rooted node cr nodes. The 
soil is firmly pressed and soil heaped up a little, so as to prevent 
water from collecting. The growing end of the vine is then 
lightly tied to the standard to keep it in position. 

The pepper plant makes rapid growth and at the end of the 
first year may be four or five feet long. As the vines grow, they 
have to be tied to the standard usually at intervals of one foot. 
In some countries, the custom prevails of lowering the vine after 
one year or eighteen months, coiling it round and burying it in 
the ground round the standard, all but a short length. More 
shoots come up after this operation and a larger root system ja ;. 
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developed adding strength to the vine. This practice is not 
adopted in Mysore, though in the case of the betel vine, it is a 
regular annual operation and is very general. 

Care and after-cultivation. — The vine is generally allowed 
to grow only one main stem, the lower portion of which is kept 
clean and unbranched, up to a height of some three feet. As the 
vine grows it branch.es profusely and grows in height almost at 
the rate of five feet every year. In the course of four years the 
vine begins to bear its first crop. The annual operations in the 
meanwhile are the regular tying of the growing vine and the 
annual cultivation and manuring. The tying up becomes how- 
ever unnecessary later on, as the vine sends roots from the nodes 
which grip the standard firmly/ especially where the standards 
are trees with rough barks. Pepper gardens are dug and 
manured in the month of Aprirsometirnes after the picking of 
the year's crop is over. In areca gardens, the pepper is not 
specially manured bat shares in the manuring given to the areca 
trees on to which the vines are trained. The manure usually 
consists of cattle manure of the kind common in the malnads, 
that is to say, with a large admixture of well rotted green leaves. 
About half a basket (or head load) is applied to the trees and 
covered over with good fresh earth from the jungle. Another 
yearly operation is the lopping of the tops of the standards where 
these are Erythrinas or other specially planted standards. The 
standards are topped and branches removed, so as to keep them 
within a manageable height well adapted for the vines to climb 
on. The vines themselves are also trimmed at the top and 
prevented from growing too tall for convenient picking. Both 
these operations are done by the pickers at the time of gathering 
the crop. 

Pepper Harvest. — The pepper vine begins to yield its first 
crop normally after it is four years old from planting, but good 
crops can be obtained only after six or more years. The vine 
begins to flower from about the middle of July. The ripe berries 
become ripe and ready lor picking from the middle of the follow- 
ing February and the harvest goes on until the middle of March. 
When quite ripe the berries assume a beautiful orange colour 
and as soon as a few of this kind are seen here and there in the 
garden the gathering of the crop begins. The pepper bush is 
allowed to reach a height of even twenty feet, so that a good 
proportion, of the crop is borne above a man's height. For 
reaching the clusters at this height ladders have to be used and 
either regular step ladders or bamboo poles with the branches 
cut short to a stump each of which then serves as a step, are ussd 
for the purpose. Pepper is gathered by snipping off the whole 
of the spikes or catkins or clusters with the berries. These 
clusters of berries are now brought to the house and are spread 
on a mat or clean floor and rubbed between the hands or 
trampled over, in order to free the berries from the stalk. In 
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large estates, threshing floors with a smooth hard floor are 
provided on which the clusters are spread and rubbed or trampled 
on and the berries freed. The berries are then spread out to dry 
in the sun. In six days of bright sun, the pepper becomes quite 
dry ; the green outer skins become black and slightly shrunk, due 
to which the berry assumes the familiar wrinkled appearance of 
the ordinary pepper corn, or pepper of commerce. This article 
sometimes goes by the name of black pepper also. It is in this 
form that pepper is generally marketed. 

White Pepper. —There is also another product which goes 
by the name of 'white pepper', which is made in the following 
manner : — For this purpose, pepper is gathered at a slightly 
advanced stage of ripeness, i.e., when a very large number of 
berries are turning yellow. The bunches are brought to the 
house and are heaped up for a day or two until all the berries 
become yellow. The berries are now separated from the 
stalks and are put into water to soak over night. They are 
taken out in the morning and are heaped up and covered over. 
The berries heat up a little and undergo slight fermentation and 
in this stage the outer skin can be easily rubbed off. When this 
stage is reached the berries are taken from the heap, and put 
into water and rubbed between the hands. The outer skin and 
the pulpy layer immediately below it are loosened and are easily 
rubbed off, leaving the berries white and clean, These are then 
put out in the sun and dried thoroughly, the resulting product 
being the 'white pepper' of commerce. White pepper is 
generally made for the domestic use of the grower and to a 
small extent for the trade. 

Yield. — The pepper plant begins to yield a full crop only 
after the sixth year. The yield from the vines is exceedingly 
variable, both on account of the different varieties and strains 
that usually comprise a garden and on account of the seasonal 
variations. Over a large area about 2 lb. of cured pepper per bush 
should be considered a good average yield, 3 lb. per bush will be 
a good yield per bush over a large area. Individual bushes 
however give surprisingly heavy yields and where a bush consists 
of several vines growing on a tree like a mango or jack as much 
as 12 lb. have been gathered. Many bushes of even ordinary 
dimensions are known to produce 7 lb. each under favourable 
conditions. Generally yields are uncertain and depend a good, 
deal upon the distribution of the rainfall. In a. garden planted 
12' by 1 2' and consisting of approximately 300 bushes per acre 
the yields were reported to have varied from 1 lb, per bush 
to 5 lb. per bush in the different years. In some years the crop 
may amount to almost nothing ; in a thirty-acre garden in one 
year the crop amounted to only 210 lb. In areca gardens which 
are well stocked with pepper the yield may go up to 75 lb. per acre. 
" Eipe pepper after harvesting and separating from the stalks 
loses on drying only about 25 per cent of its weight ; 100 lb. of 
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green pepper yielding 75 lb. of dry pepper. By volume it loses 
only 16 per cent, 100 seers of green pepper giving 84 seers of 
dry pepper. If pepper is of good quality, the berries being well 
filled and heavy, then an imperial bushel of such pepper will weigh 
47 lb. and a Mysore seer will weigh 1"7 lb. White pepper is 
heavier and a Mysore seer of white pepper will weigh 2 lb. 

Botany and Varieties. — The pepper plant belongs to the 
natural order ' Piperaceae ' and is distinguished botanically by 
the name ' Piper nigrum '. It is closely allied to the common 
betel vine, ' Piper betle ', the ' pippili ' vine — ' Piper longum ' — 
and the tailed pepper — ' Piper cubeba '. These are all climbing 
evergreen plants, with jointed stems, generally rooting at the 
nodes on the stem. The leaves are from light to dark green, 
smooth and entire ; in sbape they are broadly lanceolate, but 
many variations exist due to the difference in the proportion of 
the width to the length, according to which they can be 
classified, broad, medium, and narrow leaved, and also as long 
and short. The stems grow upwards, clinging to the tree or 
standard on which they grow for support, and reach a height of 
some twenty or thirty feet. They branch horizontally from the 
nodes but these do not attain much length. Full grown bushes 
envelop the standard all around in the form of a dense growth 
about four or five feet in diameter. The inflorescences which 
later on become the pepper clusters are slender catkin-like 
spikes which vary according to the varieties from about two 
inches up to nine inches in length, hanging gracefully downwards, 
generally straight but in some varieties slightly curved, across 
the middle. The flowers are both unisexual and bisexual, and 
these are borne on different plants. Plants are therefore either 
male, female or hermaphrodite. Occasionally, a female inflore- 
scence may have one or two hermaphrodite flowers also but this 
is very uncommon. The flowers are naked and are small and 
inconspicuous being of a dull white colour. When the 
pistillate flower is open, the little ovary is surmounted 
by a five branched stigma which looks like a five- 
cornered little star. In the perfect flowers the stamens which 
are two in number are to be seen on either side of the ovary and 
are very short and inconspicuous ; they persist at the bases of 
the ripening fruits as two little dark brown specks. In the male 
plants the inflorescences are generally very numerous and these 
pendulous spikes look very ornamental. These spikes drop off 
after they have remained open for a few days. The flowers are 
all cross-fertilised ; even in the hermaphrodite flowers the 
stigmas become receptive, long in advance of the opening of 
the anthers and are really dry and brown at the latter stage. 
There is considerable unevenness in the fertilisation of the 
flowers with the result that the spikes are seldom completely 
filled, nor are all the fruits in. the same stage of ripeness. The 
fruit is an one-seeded berry. Fruits take about nine months to 



CONDIMENTS AND SPICES— PEPPER 271 

become quite ripe and at this time they change colour from dark 
green to deep orange or red. Ib some varieties these berries 
drop down when they are ripe, but in moat varieties it is the 
whole spike that drops. The spikes contain from 20 to 80 
berries according to the variety. 

There are several varieties of cultivated pepper which are 
distinguished by local names. The following varieties are grown 
in the Mysore Malnad : — 

Wohala Morata. — This has longish and light green leaves ; 
it is only a moderate bearer. The spikes are short about 2|to 3 
inches long and the berries are also few about 20 per spike. The 
ripe berries change from green to deep orange and then coral 
red. The berries shed at the ripe stage and have to be gathered 
just when one or two are becoming orange. The berries are 
large and are fancied for making ' White Pepper '. This is also 
the earliest to be harvested. The flowers are female. 

Kari Morata. — This is a modest yielder, but crops uni- 
formly every year. The spikes are short and curved, about 
2 to 2$ inches in length generally well filled. The berries are 
rather small and dark green in colour. The ripe fruits are red in 
colour and they do not shpd. The flowers are female. 

Aruina Morata. — This is very much like the Kari Morata 
but differs in the colour of the ripe berries which are yellow 
(hence the name Arisina which means turmeric-like or 
yellow). 

Voddaga. — This is a broad-leaved variety ; the spikes are 
about 3 inches in length and curved. The berries ate the largest 
among the different varieties and are red in colour when ripe. 
The flowers are female. The variety is much esteemed for 
making white pepper. 

Malligesara. — This is a large-leaved variety ; it is one of 
the best "yielders. The spikes are about four inches in length 
and well filled. The berries are rather small, are red when ripe 
and do not shed. The flowers are female. 

Tattisara. — This is also a good yielder, has narrow long 
leaves very dark green in colour, and the spikes are four to five 
inches in length. Eipe berries are red in colour and somewhat 
larger in size than in 'malligesara.' The leaves drop largely when 
the berries are ripening and this is the characteristic of this 
variety, The flowers are bisexual. 

Ealluvalli.' — This is one of the best varieties and c omes 
from Malabar. The leaves are somewhat longish, the spikes are 
Jong being aboat up to nine inches in length in good specimens. 
The berries are medium in size and become red when ripe. The 
flowers are bisexual. 

Balavicoia. — This is another of the good varieties from 
Malabar. It is somewhat broader-leaved and has long and well 
filled spikes. The berries are slightly smaller than in Kalluvatli. 
They turn red when ripe, The flowers are bisexual. 
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GheriakoAi, — This is also a Malabar variety. The berries 
are very small. The flowers are female. 

In Malabar, many named varieties in addition to those listed 
above are recognised, some of which may be found to be the 
same as the Mysore ones, though with a different local name. 
These are Thulakodi, Ohumela, Kothanadan, Arikothanadan, 
Mundi — all of which ate good yielders and yearly bearers ; 
Karuvalli and Karinthakara are good varieties but bear in 
alternate years. 

Wild Pepper, — Considerable pepper is gathered from the 
'Kans' or forests in which the pepper vines grow almost wild 
and without any attention. These are vines which have grown 
from seed fallen from older vines or from vines straggling on 
the ground rooting promiscuously and climbing and growing on 
the nearest tree. Crops from these are gathered by palling 
down the vines or by breaking off the bunches, an operation 
which seriously damages the vines. The point of interest about 
these is the variation which can be seen in their characters 
such as shape and sizes of the leaves, the length of the spikes, 
the number and size of the berries, the bearing habit and so on. 
Some vines are seen to bear berries in all stages from just 
opening flowers up to ripe berries ready to pick. Spikes are 
generally very poorly filled but berries were come across quite 
thcee or four times the size of the ordinary pepper, the largest 
seen being ^ inches across. In others the berries are 
conical in shape with a broad base and a pointed tip. The 
produce from the jungle is often light or hollow. In the case of 
the large-berried variety seen, very little of the pungency of the 
ordinary pepper was present. 

Pests and Diseases. — A somewhat serious insect pest of 
pepper is a berry-eating grub which bores into and eats the 
contents of the ripening berries, rendering them hollow. The 
pest is thelarvse of a flea beetle — Longitarsus nigripennis, — M. — 
which is a yellow and blue beetle very minute in size and jumps 
about like a grasshopper. The female beetles lay eggs singly in 
small depressions made in the rind of the young berries. The 
eggs hatch in a week or ten days into small pale yellowish grubs 
which bore into the berry, eat the contents and pass on to bore 
into and destroy another in the same way. Each grub may 
destroy two to three berries. The larvse become ready 
to pupate in a month and at this stage drop down and 
pupate inside the soil at the base of the vines. There is also 
considerable shedding of the whole bunches which accompanies 
the damage to the berries, which is partly at least due to the 
attack by the beetle larvpe. The pest is said to have increased 
in recent years in North Malabar and Wynaad, where the damage 
has become serious, 

As a preventive measure, it is recommended that the soil 
under the vines should be regularly and thoroughly hoed or 
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stirred and all pupae found therein should be destroyed. As a 
control measure spraying with Bordeaux m ixture is found useful; 
it acts as a repellent against the beetle and also as a fungicide 
killing the fungus which is one of the causes of the shedding of 
the bunches of berries. Pepper is also subject to the attacks of 
Beveral scale insects, viz., (1) Lcpidosaphes piperis, G., (2) 
Lecanium viarsupiale G., (3) the mussel scale Mytilaspis piperis. 
Though in bad cases these scales infest the leaves and stems of 
the vines in myriads, suck the sap and may even dry up the 
vines, fcbey are seldom found to any large extent. Badly 
infested parts of the vines should promptly be pruned off and 
burnt. Spraying with insecticidal soap washes is also effective 
as a control measure. 

Sometimes mealy bugs also become a serious pest, especially 
when the rains of the north-east monsoon are poor and also when 
the vines have been sprayed early in the season with Bordeaux 
mixture for the checking of spike shedding. This fungicide kills 
at the same time the fungus which keeps the mealy bugs in 
check. 

The most serious disease of the pepper vine is the " wilt " 
disease which at one time appeared as an epidemic and destroyed 
innumerable vines and caused wholesale rain of extensive pepper 
areas. The outbreak appeared about fifty years ago, spread 
rapidly in Mysore, Coorg and Wynaad, and Malabar where the 
effect of the ruin was almost permanent and pepper cultivation 
came to a stand-still for many years thereafter. The disease 
however abated later on and for many years now it exists only 
here and there and has not spread. The destruction caused is a 
drying up of the whole vine ; fine well-grown bushes in full 
bearing covering thickly large tree trunks up to a height of 
twelve or fifteen feet succumb to the disease ; the leaves yellow, 
droop and then dry up and then the whole vine dries up and 
dies. The disease is said to be a kind of "stump rot" and the 
remedy recommended is to isolate the vine and the root of the 
tree forming the standard by means of a trench and thereby 
prevent it from spreading. This however is not of any practical 
value as the disease breaks out over large areas and the number 
of vines to be treated becomes too many to manage. It has been 
suggested that the only satisfactory remedy lies in the discovery 
or evolving of varieties resistant to the disease. 

The spikes and berries are also attacked by the fungi 
" Oolletotrichnm spp." which cause them to shed; the attack can 
be controlled by spraying with Bordeaux mixture. 

Chemistry and Uses. — Pepper is one of the most 
valuable of the spices. It is an indispensable ingredient of 
sauces, soups and curries, forming part of the daily food of the 
world's population and specially so of the oriental countries. 
It is one of the most important ingredients in ^ most 
Indian medicines, in fact it is one leg of the "tripod" 
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of three drugs on which every Hindu medicinal preparation is 
said to rest as the foundation. 

As a carminative, pepper owes its properties to three important 
constituents, viz., a volatile oil, a resin and an alkaloid 'piperine'. 
These are contained hoth in the skin or pericarps and in the hard 
coated seed which it encloses. White pepper has less flavour and 
less pungency than black pepper, for the reason that the outer 
skin which also contains some of these ingredients is removed. 
The volatile oil content varies from 1 to 3 per cent, and the 
alkaloid from 5 to 8'25 per cent. The volatile oil belongs to 
the class of terpenes. Much of the pungency of the pepper is 
due to the resin, and part to the alkaloid. The endosperm is 
composed of aggregates of starch grains of peculiar fine-grained 
shape, a feature which is taken advantage of in detecting adul- 
teration in commercial ground pepper. Pepper (pepper corns, 
black) has the following chemical composition in respect of the 
plant food ingredients. 

Ni'rogerj.— 1-80 per cent, P 2 O s : 0'35 per cent, K 2 : 1-32 
per cent, GaO : 0'70 per cent and MgO : 0'06 per cent. 

Production and Trade. — The area under pepper in South 
India including the district of North Kanara (Bombay Presidency) 
is approximately 110,000 acres. 

The Indian trade in pepper comprises both exports and 
imports of considerable magnitude. The export during the year 
1939-40 was 18,675 cwts., of the value of about Es. 4 lakhs. 
The export at one time was very much more and amounted to 
about 25,000 cwts. India imported pepper in the year 1939-40 
amounting to 142,344 cwts., valued at Rs. 19 lakhs. In former 
years the imports were much lower; thus in 1937-38 it was only 
20,150 cwts, and in 1938-39 was 24,030 cwts. 

II. CHILLIES (Capsicum annuam). 

VERNACULAR names FOR CHILLIES :— JTajwada-MENlSINAKAYl , 

Tamil-MmkGAi ; TsZztfirai-MiRAPAKAYA ; Malay alam-MohAHV ; 

Ilindustani-M.mG'B. 

Chillies, also known as Cayenne pepper or red pepper, form an 
important condiment crop grown in India and especially so in South 
India where it is grown very extensively. The chillies used as 
condiment are noted for their pungency and give the South 
Indian dietary its peculiar and outstanding characteristic. At 
the present time, chillies are such an indispensable and common 
ingredient in South Indian food at every meal that the 
quantities consumed in ordinary homes are surprisingly 
large. Notwithstanding such a general use at the present time 
the crop is not indigenous to India where prior to its introduction 
the black pepper was being used for affording the necessary 
pungency to the condiments, The native home of the crop is 
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considered to be Brazil and the South American continent in 
general and its introduction into India is said to be due to the 
Portuguese. The wide popularity and the extensive cultivation 
of the crop are probably due not only to its much greater pun- 
gency but also to the fact that it can be cultivated aa an ordinary 
field crop of a few months' duration with great ease over a wide 
range of climate and country in contrast with black pepper 
which can be grown only in special localities and with much 
difficulty. The partiality of the people of South India for the 
condiment is, however, not unique as the native races in many 
parts of the tropical world notably in South and Central America 
aud in South, Central and East Africa are stated to consume 
incredible quantities. It is certainly surprising that the human 
tongue and digestive system can bear the hot blistering taste of 
the chilli but it must be stated that the taste is always tempered 
by various mixtures in the food and practice does the rest. 

Chillies have a wide range of cultivation, being grown under 
both tropical and sub-tropical conditions,. As already stated its 
home is said to be in Brazil and in that country and throughout 
most South American States it is grown and consumed. In 
Mexico and Central America, likewise the crop is grown and used. 
In the Southern States of the U. S. A. some of the less pungent 
sjDecies are grown largely. Throughout the African continent, in 
Spain and in all the Asiatic countries generally Indo-China, China 
and even in Japan chillies of one or other of its many species 
are grown. The plant grows over a wide range of elevation from 
sea-level up to elevations of 5,000 feet. Grown as a rainfed crop it 
can be grown in tracts with a rainfall of about 25 inches up to 
CO inches. Heavier rainfall during the growing season sucb as 
occurs in the malnads is not favourable as it leads to the rotting 
of the leaves and the fruits ; but even under such conditions 
the crop can be grown if planted somewhat after the heavy 
burst of the monsoon is over, for instance, about the end of 
August. In tracts of low rainfall, the crop is grown under irri- 
gation as likewise when grown as a hot weather crop. The crop 
can be grown in both the rainy season commencing from about 
June, and also in the hot weather commencing from about 
February. 

Soils.— The soils suited are the well-drained fertile soils of 
the somewhat heavy loam type. Good deep soils are required 
free from grit, gravel and stones. It can be grown to perfection 
on the ordinary red loams with good manuring, on the black 
cotton soils and on the somewhat clayey loams under tank irri- 
gation such as are put under rice, which are however free from 
waterlogging. On the sandy or light alluvial loams also very 
good crops can be raised under heavy irrigation and manuring. 
Drainage is very important as the plants begin to shed their 
leaves and otherwise to sicken in badiy drained situations and 
where water may collect or stagnate even temporarily. It ia a 
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typical garden crop and requires and responds liberally to good 
cultivation, manuring and irrigation. 

Rotation — Grown as a purely rainfed crop chillies are rotated 
with a variety of dry crops, but generally with a grain crop like 
ragi or jola with the usual leguminous crop mixtures. Ground- 
nuts and horsegram or horsegram alone, castor, or cotton are 
also selected to follow chillies in the rotation. Grown as a 
rainfed crop chillies form the only crop of the year as it occupies 
the ground for some five or six months and the field has to be 
prepared thoroughly in the preceding months. When grown as 
an irrigated crop chillies are rotated with one or other of a 
variety of crops. Sugarcane, turmeric, beans and other vegeta- 
bles, irrigated ragi, chrysanthemums and maize are all crops 
from which a selection can be made. Very often potatoes and 
brinjals are also iacluded, but this is not a safe rotation as the 
diseases peculiar to the one also attack the others and as the soil 
becomes infected and thereby passes the disease on to the suc- 
ceeding solanaceous crop. This is especially the case with the 
bacteria.' disease called the 'ring' disease of the potato. 

Cultivation. — The preparation of the ground for rainfed 
chillies begins with the first rains in the months of May and 
June. The field is ploughed after every rain three or four times 
and is then worked with the toothed or bladed harrows to break 
the clods and bring up and gather the roots of stubble and weeds ; 
these are then collected and burnt. Cattle manure is carted at the 
rate of twenty cartloads per acre and worked in with the plough or 
, barrow and the field is brought into a condition of clean and fine 
' tilth. These operations can be considerably simplified by the 
use of the improved plough and the six shovel cultivator which 
will work more expeditiously and produce a deeper tilth. The 
field is made ready for the planting of chillies generally by about 
the middle or end of July when the rains have set in steadily 
and enough moisture is available in the soil for the transplanted 
seedlings. Deep furrows are now ploughed at distances of two 
feet from each otber both along the length of the field and 
across, so that the field is laid into two feet squares. In the 
intersections of the furrows a handful of cattle manure is put in 
and the seedlings of chillies — which are raised earlier in a sepa- 
rate nursery— are planted singly or in two's. The seedlings if 
they have grown rather tall are topped before being put in. 
The planting distance is sometimes varied by ploughing the 
lengthwise furrows three feet apart and planting the seedlings 
9 inches to one foot apart in the furrows. The seedlings are 
planted slightly to one side of the furrow, for the better reten- 
tion of the rain water. Usually the rainfall about this time is 
frequent enough to enable the seedlings to establish themselves 
quickly, but otherwise they receive a set back, the result of 
which is not got over and the yield of the crop suffers. If the 
area planted is not large a little hand watering is given, water 
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being carted in a barrel or large vessel for the purpose. Soon 
after the plants start making new growth the rows are 
intercultured by means of bladed or toothed hoes of the proper 
width. When the crop is planted in two feet squares it is 
possible to work the same hoes both along and across the field. 
The hoeings are repeated twice at intervals of two weeks and the 
field ia then hand-weeded to keep the ground under the plants 
free from weeds. About the same time it will be well if a small 
dose of oilcake manure — either groundnut or 'honge' — is applied 
round the base of plants, especially if the growth has not been 
quite satisfactory. Even if the growth be normal this application 
of oilcake is much to be recommended as the crop responds 
strikingly well to this manure. About half a ton per acre will 
be a suitable dose. 

The nursery for raising the seedlings for dry cultivation is 
sown about the end of June or the first week of July so that the 
seedlings may be about 40 to 50 days old when they are to be 
transplanted. The nursery is generally made in the back yards 
of the houses or in well enclosed corners of the fields close to the 
village, within easy distance from a well or other water source. 
The nursery is well prepared by digging to a depth of nine inches, 
removing weeds and stones and reducing the soil to a fine tilth. 
Cattle manure and ashes are applied and worked in and the plot 
laid into flat beds of about three feet square. Chilli seeds are 
taken from fruits selected and dried from the previous crop 
which are now split open for the seed. About J£ lb. of seed will 
give enough seedlings to transplant an acre. It will be useful 
to mb the seeds lightly between the hands with a little kerosine 
oil in order to keep off ants which often carry away a lot of 
seeds from the seedbed. In any case the seeds should be mixed 
with some ashes and then strewn thinly in the beds, the soil 
stirred well with the haud and then lightly pressed down. The 
beds are given a good soaking irrigation and the watering re- 
peated every day thereafter. It will be well to cover the beds with 
some straw or dried leaves at this stage both to shade the young 
sprouts as they come up and also to break the force of the water- 
ing which muiy otherwise wash the seeds to one side or corner. 
The watering should preferably be by means of a watering can. 
The seeds sprout in about ten days from sowing. With regular 
watering the seedlings make vigorous growth. After the plants 
are well established the watering is done once in two days so as 
to harden the seedlings somewhat. Further, if they have come 
up too thick a certain amount of thinning should be done so as to 
prevent the plants from becoming tall and leggy. The beds should be 
kept clean and well weeded. Seedlings for transplanting are 
taken out after giving the beds a good watering, so that they 
may be pulled out without damaging the roots. Seedlings are 
to be pulled out to the extent that they can be transplanted in 
the day and e.very day as many as may be required. Very often 
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the soil dries and does not possess sufficient moisture for trans- 
planting without a break ; a succeeding rain will have to be 
awaited for completing the whole area. For the same reason 
it will be advisable to sow the seed beds in two lots, the second 
one following the first at an interval of a week or ten days, so 
that only seedlings of the correct age may be transplanted. 

When chillies are grown as an irrigated crop the field is 
prepared in the same way as already described if grown on a 
field scale, and if on a small scale then the field is dug to a depth 
of nine inches. After the field is made ready furrows are made 
at distances of two feet from each other with. small cross bunds 
about 12 feet from each other for facility of irrigation. Water 
is let into the furrows and the seedlings are transplanted in the 
soft mud at distances of one foot from each other and along one 
margin of the furrow. Irrigation is given every other day until 
the plants become well established after which it is given at 
intervals of five days or a week depending upon the reteutiveness 
of the soil and the frequency of the rainfall. The interspaces 
between the furrows are hoed with bullock hoes once soon after 
the plants have started making new growth, and later on after 
a month are also hand weeded. A good dressing of powdered 
oilcake manure, groundnut cake or ' honge ' oilcake is applied now 
in the furrows at the rate 10 or 15 cwts. per acre, the furrows 
covered and the rows well earthed up, by splitting the ridges 
and converting them into furrows. It is also usual in some 
villages to apply green manure in the form of ' honge ' leaves in 
the furrows before closing them up. Artificial manures can be 
applied at this manuring ; a mixture of 2 cwts. of sulphate of 
ammonia, 4 cwts. of superphosphate of lime, and one cwt. of 
sulphate of potash is recommended, half of this being applied 
at the time of transplanting and half at the earthing up stage. 
Growth is vigorous from now onwards, the plants branch freely 
and grow into small bushes. .Flowering begins in about one 
month after transplanting and flowering and branching with 
more flowering go on apace. In another three weeks or a month 
the first bulk of green chillies is ready for picking, and of these 
a small proportion is gathered for sale or domestic use. From 
about the month of November the first formed chillies become 
'< ripe and change in colour to a deep orange and then to red. 
Commencing from the bottom of the plants the ripening pro- 
ceeds gradually upwards and the ripe fruits are gathered as they 
become ready. About the middle of December the picking is in 
full swing and some seventy per cent of the crop is gathered. 
Irrigation however prolongs the life of the plants and the plants 
continue to bear and pickings may go on up to the end of Febru- 
ary ; the number of pickings may be from six to ten in all. In the 
case of dry land chillies however the gathering is somewhat earlier 
and the picking is not spread out over as long a period as in the 
case of the irrigated crop. As the crop is gathered it is put out to 
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dry in the sun on good hard dry ground, on the flat roof of the 
houses or on top of rocky little eminences, etc. If the color is not 
fully developed, the chillies may be heaped up until they are fully 
colored up and then spread out to dry. It is sometimes usual to 
smear the chillies over with a paste of red earth and then put them 
out to dry, but the general practice is however to dry them without 
this treatment. It is claimed that this treatment makes the 
chillies dry quicker and with a smooth surface without any 
wrinkling. The dry earth is rubbed off when the chillies are 
quite dry which are further cleaned by shaking them up in a 
sieve. It is also usual in some cases to trample the chillies 
lightly as they are drying, so that they may be flattened and 
rendered more fit for packing in bags for storage and transport. 
The chillies become dry enough to store or market in about 
fifteen days of good sun. 

Yield. — The yield from dry land chillies is about 250 lb. 
per acre on the average ; a very good crop may however amount 
to three times this quantity. Yields for irrigated chillies will 
amount to 1,500 lbs. per acre for an average crop and may go up 
in the case of very good crops to 2,500 lb. per acre. The pro- 
portion of dry to green chillies varies from 25 to 30 per cent. 

Hot Weather Crop. — Chillies are grown to a considerable 
extent as a hot weather crop also. Compared with the areas 
grown in the monsoon season this is very small and the produce 
is sold mostly as green chillies. There is generally a good 
demand for these and the supply is limited owing to the expense 
of raising the crop ; as prices are usually high the crop is consi- 
dered a highly paying one, For raising a hot weather crop a 
good irrigation source which will give an unfailing supply 
throughout the crop season is obviously an essential pre-requisite. 
The cultivation is generally carried on only under well irrigation. 
The season for transplanting chillies for the hot weather crop is 
the month of February, before which a nursery has to be raised 
in good time and the seedlings got ready. The method of culti- 
vation differs little from the one already described for the monsoon 
crop of irrigated chillies ; irrigation has to be given however more 
regularly and frequently and this is indeed the most expensive 
part of the cultivation. The crop is also picked and marketed 
in the green state and begins to come in from the month of 
April and continues to the end of May. The yield per acre will 
amount to about 6,000 lb. of green chillies. 

Botany and Varieties. — The chilli plant belongs to the order 
Solanaceee and the genus Capsicum. The cultivated varieties of 
the chilli are classified under the species Annuam. The plants 
have a strong tap root and many branching lateral roots and 
rootlets penetrating the ground to a depth of about 18 inches 
with about the same lateral range. Eootlets and root hairs are 
abundantly developed and any lumps of manure or fertiliser in 
the soil may often be found one matted mass of rootlets. The 
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leaves are lanceolate, somewhat broad across the middle, smooth 
and alternate. The stem is thin, herbaceous, cylindrical and 
many branched. Branching is very free and abundant and the 
branching method is interesting. The flower is terminal and 
below the flower the stem divides into two branches ; each of 
these branches develops and flowers at the extremity and below 
each flower the stem again divides into two branches each of 
which bears a flower in its turn at its extremity and such 
branching and flowering continue until the plant reaches its 
full size. The plant ia a low bush reaching a height of two to 
three feet. The flowers are bisexual, with a five-lobed corolla 
and five yellow stamens, the anthers of which unite and cover 
the pistil like a hood. The fruit is a berry, short, long or round- 
ed according to variety, with the seeds packed round a central 
septum. 

There are several varieties or sub-species which are under 
cultivation and which differ from each other in the shape, size 
and colour of the fruits, and the degree of their pungency. The 
common field variety grown as a dryland crop in Mysore ia the 
variety Acuminatum ; the fruit is thin almost stringlike and 
pendent, and very long, often about five inches, and has a point- 
ed tip which curls up slightly when the fruit dries. The variety 
' longum ' has much larger and thicker fruits, the base about | to 
1 inch wide and the tip about half this size. The variety called 
'Gunbur' in the local bazaar belongs to this class. The variety 
' groasum ' is a strikingly large fruit, either short and bell-shaped 
or long and thick; many of these are given fancy names such 
as "bull nose", ' elephant trunk' and so on. They are brilliant 
red, or a bright orange yellow as they ripen and are invariably 
very bland and without any pungency. For this reason they are 
cooked like ordinary vegetables, often being stuffed and baked. 
The variety ' cerasiforni ' (or cherry -shaped) has fruits which are 
small and rounded and are of various colours such as green, red, 
creamy white, purple or orange yellow; those called the 
'Japanese' kinds have their fruits often borne erect pointing 
upwards and sometimes in clusters. The variety called 'Salem' in 
the Bangalore bazaar has small rounded fruits and belongs pro- 
bably to this type ; on account of its long peduncle in proportion 
to its size the kind is not much esteemed. The thin needle like 
fruit called ' bird pepper ' is a large bush and perennial, and is 
classed under the species " fruitescens, var. minima ". It 
is extraordinarily pungent, and the fruits are only about an inch 
or two long, and thin aa a wire nail; when ripe they are a bril- 
liant red in colour. No other chilli can approach this kind in 
pungency. In addition to the above are some European kinds, 
called Hungarian paprikas, which are creamy white in colour, 
bell-shaped with a broad base and a somewhat tapering end and 
about two inches in length. These are mildly pungent and are 
reputed to be very high in the content of vitamin C. All 
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chillies are fairly high in their vitamin C content, though the 
paprikas excel other kinds in this respect. 

Pests and Diseases. — The most common insect pest on 
chillies is the thrip pest — Scirtothrips dorsalis, H. These infest 
the plant in large numbers, suck the sap of the leaves and stems, 
causing a reduction in the size and a malformation in the shape 
of the leaves, a weakening of the stems and a virtual stoppage of 
further growth. The leaves eventually drop off and the yield is 
greatly diminished ; if the attack comes on in the early stages of 
the growth of the crop, there may be no yield at all. Spraying with 
tobacco decoction about twice at short intervals will materially 
keep down the pest. Stimulating the growth with oil-cake 
manure or with sulphate of ammonia will also help the crop to 
shake off the pest, Keeping down the thrip pest by spraying 
acts also as a control of what is considered a " Virus " disease 
of chillies, in which both leaves and fruits become much reduced 
in size leading to perious reduction of crop. The thrips form 
an insect vector in spreading the disease. Borers into the stem 
and into the fruit are also occasional pests but are not of any 
serious consequence. 

The chilli crop is subject to a serious disease, vis., 
Vermicularia capsioi Syd„ which causes a kind of 
die-back. It attacks mainly the upper portions of the plants, 
spreading gradually from the top downwards and causing the 
branches to dry up. The disease is favoured by moist weather 
and by shade and heavy dew on the leaves. Spraying with 
Bordeaux mixture has been found useful in controlling the 
disease. 

Anthracnose (or Colletotrichum nigrum E and Hoist,) is 
another serious disease on the chilli plant. It attacks the young 
and half-ripe fruits on which the appearance of grey spots and 
patches of decay form the outward signs of the attack. The 
fruit becomes dry, and shrivelled and drops off prematurely. 
Bordeaux mixture is not of any use and control measures consist 
only in preventing the spread of the disease by removing all 
attacked plants or branches and burning them. 

Chemistry and Uses. — The pungency of the chilli is due to 
the active principle 'Capsicin' which is contained largely in the 
skin and dried membranous septa inside rather than in the seeds 
themselves. Its pungency is so great that the tongue can feel the 
' bite ' even when it is present to the extent of 1 part in 
1,000,000. Its chief function as a condiment is to increase the 
appetite and to make the rather coarse and insipid grain foods 
more acceptable to the tongue and therefore to be consumed in 
much larger quantities than it would be otherwise possible. It 
is however said to be helpful in digestion with sluggish systems 
and to possess other medicinal qualities as well. It is neverthe- 
less a condiment to be warned against in spite of these charac- 
teristics as it may easily lead to dysentery, inflamed bowels and 
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so on. The people of the Northern Circars of the Madras 
Presidency are unique in the quantity of chillies they consume 
with no apparent detriment to their health ; on the other hand, 
they are a strong and sturdy people, and it is a matter for 
investigation whether they are so, on account of or in spite of, 
this partiality for chillies. 

III. TURMERIC. (Curcuma longa) 

Vernacular names for TUEMEEIC : — Kannada— Arashina ; 

Tamil — -Manjal ; Tehigu — Pasuptj ; Malayalam — Manjal ; 

Hindustani — Haldi. 

The turmeric furnishes one of the important spices largely 
in demand in India and other oriental countries and a dye of 
moderate importance both in India and outside. The plant ia 
cultivated for the sake of its underground swollen stem which is 
the product which is used as dye and as a spice. The commer- 
cial product is obtained not only from the plants which are 
cultivated but also from plants growing wild. In some of the 
species the corm possesses considerable fragrance, for which they 
are specially esteemed. 

Distribution.— Turmeric is cultivated throughout India and 
the cultivation extends into other Asiatic countries like the Indo- 
Chinese peninsula, parts of China and the East Indies. In the 
moist shady valleys and hill-sides of peninsular India along both 
the Eastern and Western Ghats, large areas of wild turmeric 
are met with and it forms one of the important minor 
forest products. In the deltaic tracts and far into the interior, 
both in peninsular India and the north including the Punjab, 
from sea level upto an altitude as high as 4,000 feet the plant 
occurs under cultivation ; in a wild state it can be seen even 
on higher altitudes. 

Soils — The soils suited for turmeric are sandy loams or clayey 
loams which are thoroughly well drained. On the latter class of 
soils where the large admixture of clay interferes with proper- 
drainage the crops are grown on a system of ridges and furrows. 
The crop requires a, highly fertile soil and for this purpose the 
black fertile somewhat clayey soils such as are found under tank 
irrigation are aiso largely put under it, making suitable arrange- 
ments for drainage as stated above. The soils are generally of 
good uniform texture free from stones or gravel or too coarse 
fractions. The most common soils are however the light red, 
brown or ashy coloured sandy loams, and loams suitable for 
heavy irrigation. In the soils where it grows wild the soils are 
generally of the usual red clayey loam type, well drained on 
account of their situation on sloping ground and containing large 
quantities of leaf mould from the accumulation of the fallen . 
leaves from the jungle trees under the shade of which, it 
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flourishes best. The soils are generally to be of the best with 
no trace of alkalinity or other defects. 

Motation. — Turmeric is grown under conditions where 
irrigation water is plentiful whether from wells, tanks or 
channels. It requires good cultivation, and heavy manuring. 
It occupies the ground for almost a whole year and is therefore 
the only crop of the year, there beiDg no question of a second 
crop. It is therefore grown as an intensively grown irrigated 
garden crop and generally only comparatively small areas are 
put down by individual growers. A variety of garden crops 
enters into the rotation if it is grown under well irrigation, such 
as maize and potatoes, chillies, irrigated ragi, sugarcane, and even 
rice. "Where it is grown under tank or channel irrigation, it is 
followed by rice, and catch crops like the pulses, green gram, 
black gram or cowpea, the turmeric being grown after two or 
three crops of rice ; sugar cane and plantains also enter into the 
rotation, in these tracts of flow irrigation, in which case turmeric 
gets a chance once in five or six years. Where turmeric is a 
favourite crop, the rice and catch crops for a couple of seasons 
followed by turmeric is a common rotation, provided the water 
supply is abundant. In tracts of heavy rainfall as on the west 
coast districts turmeric is grown solely with the help of the 
rainfall, no artificial irrigation being provided. 

Cultivation. — It is usual to grow a number of subsidiary or 
mixed crops along with the turmeric in the same field, generally 
along the margins and near the irrigation channels. At least 
one shade crop is included as the turmeric is a shade-loving > 
plant. For this purpose castor is the one usually selected, but 
garden ' togare ', and ' agathi " or ' Sesbania grandiflora ' also form 
a sprinkling here and there. The mixed crops grown are ginger, 
the elephant yam, colocasia, brinjals, radish and other vegetables. 
Turmeric is to a considerable extent grown by itself also, but 
one or more shade crops are always provided, these being garden 
' togare ' and castor. 

The season for planting is from the second half or end of 
April up to the beginning of July. The field has to be thoroughly 
prepared either By digging or by several ploughings — about six 
are usually given — in good time before the planting. Clods are 
broken, weeds, stubbles, roots, stone and gravel are removed by 
the plough and cultivator, and cattle manure is carted at the 
rate of some forty cartloads per acre and ploughed in. Consider- 
able tank silt is also carted, and sometimes sand if the soil is 
inclined to be clayey. Sheep are also penned. The crop is in 
these ways heavily manured. After the manure, sand, tank silt, 
etc., are ploughed in, the field is laid out into beds for irrigation. 
The irrigation beds are made about 12 feet wide and from 
12 to 18 feet in length; an irrigation channel divides every 
two of these beds, and the individual beds are themselves divided 
by a low dividing bund for convenience of irrigation. The beds 
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are thus really sis feet wide and 12 to 18 feet in length. The 
whole field is also surrounded by a drainage trench about one foot 
wide and 18 inches or two feet deep. The turmeric corma are 
now planted in furrows one foot apart and 9 inches from each 
other in the furrows and pressed in flat about two iuches into 
the ground. Turmeric is sometimes planted also on the flat in 
these beds at distances of six inches each way. At the same 
time in each of the corners of the beds a castor seed or ' togace ' 
seed is sown. They are also sown along the outer bunds of the 
field where they grow into a hedge. Along tbe low bunds 
separating the beds ' colocasia ' is planted a foot apart and along 
the water channels the ' elephant yam ' is planted at distances 
of four feet from each other. 

Quick growing vegetables like radishes and greens are also 
scattered in the beds in between the turmeric. The further 
operations comprise regular irrigations and ho eing and weeding 
with hand ho es. The turmeric crop is well above the ground in, 
about a month and with good irrigation makes rapid growth and 
covers the ground. The minor vegetable crops are by this time 
all removed. In furrow planted turmeric the rows are now 
earthed up by splitting the ridges between the furrows. In 
about the month of NovembeL', the turmeric ceases to send up 
any further leaves. The corms now begin to thicken and their 
colour becomes deep and uniform, About the month of February 
the leaves begin to yellow, and dry one by one which is an 
indication of the ripeness of the corms and of the time for 
digging them. The diggrag commences in March and goes on 
until the end of April. On a small scale" corms "are dug for sale 
even before, this stage ; contrarily the crop can be kept iu the 
ground longer without being harvested and dug later on when 
prices may be higher. 

In tracts of heavy rainfall as in the Malnads or in the 
districts of the West Coast, the turmeric is grown in narrow 
elevated beds divided by drainage trenches. These trenches are' 
18 inches wide, 18 inches apart and about 9 inches in depth. 
The beds are about 18 inches above the level of the ground. 
Turmeric is planted on the beds in a single row along the centre 
at distances of nine inches from each other, or in a double row 
at six inches intervals, into holes in which some cattle manure 
has been applied and well mixed with the soil. The rows are 
now covered over with a thick mulch of leaves, After the 
turmeric has sprouted and grown above the leaf mulch the latter 
is removed and along with more leaves is spread all round the 
plants on the beds, thereby serving to break the force of the 
rains. The corms ripen and become ready for digging in about 
nine months after planting. 

Seed Turmeric. — Seed turmeric is saved from the harvested 
crop for planting in the season following. For planting purposes 
only the ' fingers ' are used and not the ' rounds ', These are 
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kept thinly spread under a light cover of turmeric leaves and 
are taken out for planting as requited during the following 
two months. Seed corins should be quite ripe and have a sound 
bud at the growing end. Seed corois are usually put in without 
any treatment but occasionally they are dipped in a thin paste of 
cowdung and water and then pl-mted. Tbe quantity of need 
turmeric required for an acre varies according to tbe proportion 
of mixed crops proposed to be grown along with it and the 
distances of planting. Raised as a pure crop, about 1,500 lbs., 
will be required per acre but this may go down to about 
half the quantity at tbe lowest and to about 1,000 lbs,, in 
average mixtures. 

Curing the Turmeric. — In digging the turmeric crop, care 
should be taken to see that the corms are not cut or bruised and tbe 
whole clump is lifted out with the dry plant. After the clumps 
are dug, the leafy tops are cut off, the roots removed, and all 
adhering earth shaken or rubbed off. The ' fingers ' are 
separated from the 'rounds'. A small quantity of turmeric 
' fingers' is sold in the raw state as it is fancied in most South. 
Indian households ; the commercial product is however the 
dried turmeric. The harvested crop has therefore to be converted 
into ' dried turmeric' before it can be marketed. Turmeric can 
be dried only after it is slightly boiled and the cells killed. 
Most of the turmeric is boiled whole; but in the case of the 
' rounds ' and to some extent in the ca^e of the ' fingers ' also it 
is usual to cut them into two halves along tbe length and then 
boil them. The ' fingers ' when they are rather long are also 
broken into two shorter lengths. Before it is taken up for 
boiling the crop generally undergoes a slight amount of sweating 
in heaps covered with the turmeric leaves. The turmeric either 
whole or split or consisting of both whole ones and split ones is 
charged into earthenware pots or the largo iron pans used for 
jaggery boiling, water is poured in until the water stands about 
two inches above the level of the turmeric; it is then covered 
over with the dried turmeric leaves and the boiliDg started. 
Sometimes the water used has some cowdung stirred into it. 
As tbe boiling progresses the turmeric is tested now and then to 
see if it is ready for taking down. If the turmeric becomes 
sufficiently soft as to yield to slight pressure between the fingers 
and the' thumb, somewhat like the boiled potatoes of the waxy 
types, then it is considered ready for removing from the fire. 
The corms are taken out, drained and spread out; in the sun to 
dry. They require seven or eight days of good sunshine fco 
become dry enough to store and market. The outturn of the 
dry turmeric varies somewhat with the quality and ripeness of 
the raw turmeric from XJ to 25 per cent. 

After the turmeric is* quits "dry, it fa ;' cleaned to remove any 
bits of roots and then rubbed well between the hands. Some- 
times a little turmeric powder is mixed with the turmeric when 
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it is being rubbed. A mechanical appliance to simplify this 
work is a revolving drum like an ordinary barrel type butter 
churn into which the turmeric is put together with the turmeric 
powder as required and rotated to give it the necessary colour 
and the polish, The product is then sorted out into ' rounds/ 
' splits ' and ' fingers, ' and also graded into large and small 
according to market requirements. 

Yield. — The yield of turmeric when it is planted pure and 
cultivated with liberal manuring and irrigation is usually 
" reckoned as about 3,500 lbs. of cured turmeric per acre. Yields 
up to even double this figure, via., 7,000 lbs., of cured turmeric 
per acre are also reported but on the average a crop of only 
some 2,500 to 3,000 lbs., per acre can be relied upon. 

Botany and Varieties. — The turmeric plant belongs to the 
order Scitatnineas and the family Zinziberaeece, which embraces 
two other important crops, viz., ginger and cardamoms. The 
order itself includes the familiar plantain and the ornamental plant 
canna. The turmeric is propagated from the swollen underground 
stems oc corms. The corms are divided along their length by 
means of circular slightly scaly rings which form the nodes from 
which spring leaf buds. When planted in the ground the plant 
sends up a shoot from this eye bud at the growing end which 
shows itself, well above the ground and opens out its leaves in 
about a fortnight to a month from planting. The leaves 
comprise a broadly lanceolate blade bright green in colour and 
surmounting a petiole which is thin and narrow near the leaf 
but broadens out at the base and envelops the succeeding shoot 
about half way round like a sheath. The leaves are as long in 
length as the blades, are smooth on both sides, the margins are 
entire and the tip is narrowed and pointed. They are small in 
size at first but as the plant grows increase both in length and 
breadth and in well grown specimens are about two feet long 
and about six or eight inches broad across their middle. The 
stem which is really composed of the expanded lower portion of 
the petioles thickens, has further a fiattish appearance, the 
earliest formed petioles being pushed open somewhat as the 
stem thickens. The plants attain a height of about four feet 
when folly grown. The root stock develops ab the base of the 
plant which swells into a rounded eorm from which leaves are 
sent up above the ground and roots and new corms develop 
underground. The 'rounds' of commerce are formed by these 
root stocks from which spuing the primary corms, or 'fingers'; 
secondary corms grow from the primaries which thus become 
many branched and about four to six inches long ; the secondary 
corms are however much shorter. The finger corms are | to 
one inch in diameter. The roots are smooth and fleshy for part 
of their Jeogth and develop rootlets lower down. The roots 
generally travel straight downwards and peuetrate to a depth of 
about nine inches to a foot. The turmeric plant occasionally 
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sends up flowers here and there but these are very few indeed. 
The flowers are dense spikes crowded with a, coma of enlarged 
bracts ; the lower bracts are ovate and membranous and enclose 
several bracteolate fugitive flowers ; the calyx is short, corolla 
funnel shaped, lateral segments oblong, upper longer, ovate and 
concave. There is one perfect stamen and the lateral staminoids 
are petaloid. The ovary is three-celled, style filiform and stigma 
two lipped. The seed capsule is three valved and globose. 

Although there are no sharply distinguished varieties in the 
cultivated turmeric, still the turmeric of certain localities 
possesses a reputation for special characteristics, such as the size 
of the corrns and the depth and fastness of the dye. In South 
India the ' Madras Maujal ' is famous for its colour. The cut 
surface of the cured turmeric is dark brown in colour, smooth 
and almost oily to the touch; it dyes a deep yellow which is 
comparatively more persistent and difficult to wash off than 
others. Both ' rounds ' and ' fingers ' of this kind are esteemed 
in this way. The round corms froin Malabar and Cochin are 
reputed for their size, being considered the largest in the market. 
A variety grown in Poona is considered of a deep tinge and so is 
the Patna variety in Bengal esteemed for the. depth of the tint. 
All turmeric yielding a deep dye cures muchbarder on drying than 
those used mostly for condiments. The cultivated turmeric 
'Curcuma longa' is often confused with the wild turmeric— 
Curcuma aromatica — distinguished as ' Kasturi ' turmeric in 
South India. The corms of this turmeric are much larger, and 
many are rounded. The flesh too is only light yellow and some 
times even whitish. The cured turmeric has a sweet fragrance 
and is used largely for bathing powders, perfumed bathing oils 
and similar purposes. It is also credited with specially medicinal 
properties generally ■ si milar to the ordinary turmeric. 

In some parts of Mysore three types of turmeric are 
distinguished. One is called 'Mundaga' and in this the clump 
of corms is large, thick set and has many fingers. A second 
variety is called ' Balaga ' and in this the corms are not so thick 
or so many in number. The third is called ' Ydachaga ' and in 
this the corms are small and few, and the roots, numerous. 
Crops are generally mixtures, but when seed corms are selected, 
the third kind is as far as possible picked out and removed. 

Many of tbe 'curcuma' species are very similar in appear- 
ance, and are likely to be mistaken one for the other. Among 
Jihese the most important one other than the ' aromatica ' is the 
East Indian arrowroot C. angustifolia and the so called mango- 
ginger G. amada, the odour of which when tender resembles that 
of green mangoes. The corms of this variety are much thinner 
than in other varieties and the flesh is whitish and not yellow. 

Pests and Diseases. —The turmeric must be considered 
singularly free from pests and diseases, A few however are 
known which are by no means serious, 
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The leaf folds are, eaten by tbe green coloured larvae of a 
butterfly— Udaspes foleus Or., — and some little damage is caused 
thereby. The pest can be controlled by hand-picking tbe larvae 
in the early stages. Of equally minor importance are other 
insect peats like thrips and certain scale insects occasionally 
found on turmeric. 

Among insect pests, the only one of importance is the shoot 
boring caterpillar — Dichocrosis punctijeralis, G. — the castor pod 
borer. The caterpillar bores into and cuts the central shoot 
•which dries up as a result. Bemoval of the shoots as soon as 
they are seen to show signs of wilting and destroying the larvae 
contained inside is the only practicable control measure. 

The only disease noticed on turmeric is the leaf spot disease 
Taphrina maculans, Buttl. — These are brownish yellow spots 
covering the leaf blades, mostly on the upper surface, which 
increase in number and also coalesce into larger spots. They 
weaken the plants and lead to a reduction in the yield, though 
they cause no destruction by the drying up of the plants or of 
many leaves. Spraying the leaves with Bordeaux mixture will 
arrest the spread of the disease. 

Chemistry and Uses. — The turmeric is an important spice 
or condiment in Indian cooking and is largely in demand for this 
purpose. It is a symbol of auspiciousness among the Hindus and 
on weddings and all auspicious occasions is an article of presenta- 
tion among the womenfolk. As a medicinal article it is used for 
external application in pains and for relieving catarrh and eye 
diseases. Taken internally it is said to act as a stimulant and aro- 
matic tonic, and is in many respects a favourite household remedy. 
The turmeric both raw and dry is considered a remedy against 
skin diseases and itches. It is also one of the principal cosmetics 
used by Indian women though in recent years the turmeric is 
all but banished and its place has been taken by the face pow- 
ders and creams used by European women. In addition to 
the yellow dye the turmeric also contains a volatile oil — turmerol— 
which has tbe somewhat fragrant odour of the turmeric. 

As a dye the turmeric is not fast ; it can however be used 
without a mordant. It is used for dyeing cotton, wool and silk. 
The yellow colour is changed to red by alkalies and into brown 
by boric acid. When turmeric is used to adulterate other milled 
products the above property is made use of for detecting the 
adulteration. 

IV. CARDAMOMS (Elettaria cardamomum). 

Veenactjlak NAMES FOB CAEDAMOMS: — Kanmda — YelaKKI ; 
Tamil— Yelam ; Telugu — Yelakayalu ; Malayalam — Yelam ; 
Hindustani — BLAOHI- 
The cardamoms of commerce are the fruits and seeds of the 
cardamom plant, Elattaria cardamomum, and they comprise one 
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of the most important and costly spices of the world. The pro- 
duct has been known from the most ancient times although its 
cultivation is confined to a very limited tract of the tropical 
world. It is not only a cultivated product but is also derived to 
a considerable extent from wild growth iD regions where it forms 
pars of the special natural vegetation. It is almost entirely a 
South Indian product, though its cultivation extends to Ceylon, 
the Eastern Archipelago and Java to a comparatively small 
extent. Though the true cardamom of commerce has only a 
limited sphere of cultivation there are a number of allied species 
which are cultivated in other parts of the world also, such as in 
Indo-China, North Eastern India, East Africa and West Africa. 
Reference is separately made to these products under ' Botany 
and Varieties.' 

Distribution, Climate. — The true cardamom is con- 
fined to a special range of climatic and other conditions for 
its successful cultivation. A very heavy and generally well 
distributed rainfall exceeding 60 inches and going up to even 
150 inches, an altitude of 2,500 to 5,000 feet with a warm humid 
atmosphere with temperatures ranging from between 60° and 95° 
and a zone well situated within the tropics generally composed 
of evergreen forests are necessary for the cultivation of the crop. 
Moist situations such as the margins of shallow ravines with a 
deep natural mulch of fallen and decaying leaves form very 
favourable additional factors. The western taluks of the Mysore 
State lying on the spurs of or adjoining the Western Ghauts, 
the Coorg country, and the whole ghaut country lying all along 
the Western Ghauts down to Travaneore on both the eastern 
and western ranges, and reaching northwards up to the hill 
tracts of North Kanara and Konkan are the areas where the 
cardamoms are cultivated and can be seen growing and flourish- 
ing even in the wild state. The areca gardens of Kanara, and 
Shirnoga, the coffee tracts of Hassan and Kadur, Coorg, the 
Anamalais, the Cardamom Hills of Travaneore and Madura, 
comprise specifically the large cardamom growing tracts of south 
India. Though these tracts form the most important areas of 
cultivation the cardamom is capable of being grown at much 
lower elevations also as in Ceylon and Malaya, the rainfall 
however being equally heavy. An eastern aspect especially 
south-east is considered best. 

Forms of Cultivation. — Cardamomsa re grown generally as a 
pure plantation crop and on a large scale, much as coffee or robber 
or tea. In many coffee estates small areas are occupied by carda- 
moms especially in the moist situations and alongside 
shallow ravines. In arecanut gardens in the Mysore Malnads and 
in the coastal districts of Southern Bombay, cardamoms are 
grown by garden owners as a subsidiary crop almost invariably, 
a mode of cultivation which is quite important considering the 
large number of growers cultivating it though in respect of 

19 
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acreage it is almost negligible compared to the plantation carda- 
moms. A third kind of cultivation is a ■ peculiar one ; in this 
the natural growth of cardamoms as an undergrowth in the 
favourable forest zones k aided in varying degrees by actual culti- 
vation ; the latter ranges from conditions where the cardamom is 
wholly a forest product and practically grows under wild 
conditions up to conditions where it approximates closely to 
systematic cultivation except for the fact that it is a temporary 
and shifting one. Areas are abandoned and allowed to revert 
to jungle after a few years of bearing and then a new area is 
taken up for similar cultivation. 

Soils. — Cardamoms are grown on the red lateritic loams 
characteristic of the tracts named above. Only good, soils with- 
out any stones, gravel or grit and possessing good depth are 
selected. Jungle soils with a large admixture of leaf and leaf- 
mould and in varying stages of slow decay giving the soil not 
only its fertility but also a springy tread are ideal. The felling 
down of large forest trees resorted to in the clearing of new 
areas is said to produce a kind of low tremour in such soils 
which is believed to be favourable for causing many new seed- 
lings to sprout from self-sown seeds. 

On the margins of ravines often boulder-strewn, cardamoms 
can attain very good growth in the pockets of soils among the 
boulders even if the soil should be lacking in depth. The soils 
of these, tracts are generally acidic, with a p H. value of about 
4"5 to 5"5. Though coolness and abundant moisture are 
essential conditions for the growth of cardamoms and though 
many low situations are put under the crop, drainage is essential. 
In the low situations and the ravine margins there is generally 
moving water not far from the root zones of the crop, so that 
neither stagnation of water nor swampy conditions prevail. On 
level land and even on sloping land where on account of the 
heavy rainfall the water may not drain off sufficiently quickly, 
the stagnation of water about the roots is prevented by means of 
regular drains or the drainlike excavations called ' renovation 
pits' usually dug in many estates. 

Tlu; Clearing oj Forest and Shade for Cardamom.— Th& 
cultivation of cardamoms on a plantation scale is taken up on 
the hills and hill slopes of the tracts described already which are 
all fairly good tree-clad forests. The forests have to be cleared 
suitably not only of undergrowth but also of the forest trees 
before cardamoms can be planted. Cardamoms need a heavier 
shade than coffee and can do with a loftier canopy. Trees 
which will answer this need have therefore to be left and the 
rest cleared. It is also noticed that considerable intermingling 
of the roots of cardamoms occurs with the roots of the jungle 
trees in the plantations without apparent detriment to the car- 
damoms so that a heavier stand of trees is permissible consistent 
With actual planting space for the crop. In getting rid of the 
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cleared material, the need for a heavy rnnlch and of organic 
matter in these soils for the cardamom crop has to be borne in 
mind and the extent of burning will have to be restricted to suit 
the conservation. 

Where the land selected does not possess this advantage 
and the tree growth is either sparse or not high enough then 
suitable shade trees will have to be planted, both quick-growing 
nurse shade such as Brythrinas for temporary shade in the earlier 
years and of trees with a tall and spreading habit which will give 
a good and high enough canopy for permanent shade. Further 
information in regard to shade on plantations is given under 
* Coffee.' 

Propagation Methods. — The propagation of cardamoms is by 
two methods, viz,, (1) by the sowing of seeds and raising seedlings 
and transplanting them in their permanent places in the garden 
or the plantation and (2) by dividing up the group of rhizomes 
in a clump of large growing plants and planting out the individual 
rhizomes as separate plants. The first method may be said to 
be the more genera) one and also the more convenient one in 
practice, as it is only hy that method that the large number of 
plants required even for small areas of a few acres can be 
secured. It has of course the drawback that the progeny is 
largely of a mixed character and it is not possible to obtain plants 
all of a desired type or variety, inasmuch as the cardamom is a 
cross-fertilised plant in nature. The propagation from rhizomes 
is free from this defect, but in practice it will be difficult or 
impossible to obtain a sufficiently large number of rhizomes for 
planting out. It also means the pulling out in part or full, large 
bearing clumps which may be neither advisable nor practicable. 
It has however the great advantage of ensuring type or variety, 
and in building up areas of a really high yielding disease-resistant 
or other types possessing any special desired quality it is the only 
method possible and if such areas are not large is well worth resort- 
ing to. Nevertheless even in ordinary practice, the propagation 
from rhizomes is not uncommon, rhizomes being available from 
areas being thinned out or from estates where certain areas are 
made use of specially for the purpose of supplying rhizomes for ■ 
sale or multiplication in the estate itself. On the other hand, 
the prevalence in recent years of a ' mosaic ' disease in carda- 
moms introduces the risk of disease in rhizome-propagated 
plants. 

Nursery. — Cardamom nurseries in Mysore are made in low 
flat moist situations in valleys where water is abundant and 
generally form flowing springs even in the hot weather ; in the 
rain, these flow like streams and the nurseries are surrounded 
and sometimes all but submerged. These are areas which are 
sometimes laid out into paddy flats and where the natural vege- 
tation comprises considerable screw pine. On these situations 
Which are known locally as ' hanals ' nursery beds are ma^e 
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which are long ridges about 9" to 1' high about 2' broad, and 
divided from each other by a trench about 9" deep. The 
trenches run both along the length and across so that the ridges 
are a series of long narrow rectangles about two to three feet 
wide and some 12 to 15 feet long, and divided from each other 
by the trenches. The ridges are made up of good soil from the 
surface of the jungle with considerable admixture of leaf-mould 
to make it friable and to prevent caking. It is also carefully 
sifted to remove large lumps and stones. The area is securely 
fenced. Provision is also made to erect a temporary bamboo 
framework over the nursery about five feet high, over which dry 
ferns and certain leaves (of a kind which do not crumble or drop 
off when dry) can be slung for affording shade. 

The seeds for sowing are obtained from ripe well-formed 
cardamom fruits, which are fresh, sound and free from any borer 
attack. As soon as the fruits are picked,they are opened out and 
the seeds removed. The seeds have still considerable mucilage 
adhering to them and in order to separate them and facilitate 
even sowing they are rubbed with ashes and spread thinly to dry in 
the s hade. They are ready for sowing immediately they are dry 
enough. About a pound of good seeds will furnish enough plants 
for one acre of plantation. The seeds are sown by scattering 
them thinly over the nursery bed and giving a good stirring to 
cover the seeds. The ground is gently pressed or tamped with, 
the hand and then covered over with straw, dry leaves of plan- 
tain and other mulch. The sowing is done usually in the months 
of September and October, when the picking of the cardamoms is 
at its peak. In five or six weeks the seeds begin to sprout and 
in about 45 days show distinctly above ground, are about 6" in 
four months and in about a year are 18" in height. The germi- 
nation is very irregular and the seeds do not sprout at or about 
the same time, but keep coming up at different intervals; even 
alter one year from sowing, sprouts can be seen to emerge — a 
fact which is perhaps due to differences in the viability of the 
seed and to the varying depths at which they lodge when sown. 
Seed is sown usually very thick and the plants in the nursery 
are very crowded. If a thin stand is secured by sowing less 
seed or by thinning out after a sufficient number has sprouted, 
then the seedlings attain even three feet in a year. The thick 
sowing however has the advantage that it ensures a sufficiently 
large number of seedlings of moderate growth for planting out 
and somewhat counterbalances the trouble of irregular and 
belated sprouting. 

In regard to shading the nursery much virtue is claimed for 
the leaves and branches of ' Phyllanthus emblica ' and it is usual 
in Mysore to use these for this purpose both in the nurseries 
and for the newly transplanted seedlings, the branches being 
stuck in the ground ou the bed close enough to afford them 
shade. As a matter of fact however the leaves of the Phyllanthus 
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soon drop off completely or they dry and leave the branches 
quite bare. The beneficial effect is probably due to the astrin- 
gents, gums or other active principles in the leaves and branches 
as is sometimes suggested, and as the leaves are credited with the 
power of keeping off vermin and insect enemies. In the areca 
gardens it is the invariable practice to apply these leaves to the 
cardamom plants as manure and perhaps for the sake of the 
above advantage as well. 

From these nursery beds the seedlings when they are four 
to five months old are transplanted to other similar beds where 
they are put out thinly and at regular distances of about ten 
inches between plant and plant. These beds are looked after in 
regard to shading, irrigation and drainage in the same way as 
the first nurseries. A small dose of quick acting manure which 
should be lightly hoed in, is recommended for the nursery and 
will be found a great advantage. It may also be necessary to 
spray the nursery with Bordeaux mixture as a preventive against 
various fungus diseases. The manure mixture may consist of a 
small dose like one cwt. of sulphate of ammonia, and 1$ cwt. 
of superphosphate per acre. 

Transplantitig. — The pits for planting the seedlings in their 
permanent places in the garden or plantation are made at 
distances of six feet by six feet or five feet by five feet, about 18 
inches square and about one foot in depth. Like most other 
plants cardamoms make remarkable growth where the soil is 
composed of made up earth in deep excavations. In one such 
situation cardamom plants were come across in which clumps 
were more than four feet in diameter and the stems exceeded 
fifty in number. It may be therefore advisable wherever 
possihle to he liberal in regard to the size of the pits. Top soil 
is returned to the pits which are filled with jungle soil with a 
large admixture of leaf-mould. The planting time should be soon 
after the first rains of the year have fallen and considerably ahead 
of the outbreak of the monsoon, that is to say, in the months of 
April to June. Alternatively and somewhat more generally the 
months following the heavy monsoon when the latter is just 
tailing off and not quite ended, viz., September-October are 
selected. Planting is done in the moist soil and just deep enough 
to cover the rhizome a couple of inches above the crown, the 
earth is well pressed about the base of the plant and a light 
bamboo or other stake is stuck somewhat slantingly against the 
direction of the wind and tied up lightly to the stem of the seed- 
ling, in order to prevent it from being broken or blown down by 
the wind. These stakes should be removed after the plants hav& 
established themselves well and the monsoon is over, as they will 
attract white-ants if left in. 

The cultivation in the hill forests is principally one of aiding 
the natural growth of cardamoms by a certain amount of clear- 
ing, weeding and so on. For this purpose the hill properties are 
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visited by work people in the month of June. The various items 
of work to be attended to are (1) the felling of a tree 
here aud there, to open up more ground and to induce the com- 
ing up of new plants, such plants spring up both on account of 
the greater amount of light let in and on account of the distur- 
bance and concussion to the soil caused by the falling trees, (2) 
to put in supplies in blank spaces which will take the place of 
older plants eventually, (3) to clear weed growth, (4) to clean up 
around the base of the clumps and to free the flowering spikes 
clear of the leaf mould and undergrowth. 

In areca gardens the cardamom plants are put in close to 
the margin of the drainage trenches between the areca trees. 
Though they appear very crowded the plants receive greater 
attention by way of manuring, weeding and watering ; the fruits 
are better developed and fetch a higher price in the Mangalore 
market under the name of Nagar and Chikmagalur qualities. 
The planting is made generally in the months of August and 
September. Though the planting of seedlings is the common 
practice, rbizomes are put in, which have the advantage of com- 
ing into bearing about a year in advance of seedling plants, in 
addition to the other advantages of vegetative propagation. The 
number of cardamom clumps in an areca garden is very indefi- 
nite, depending upon the number of areca. trees with which they 
may vary inversely ; further the gardens are seldom fully planted ; 
between 400 and 500 plants may be considered an average 
number per acre of garden. 

The yearly cultivation routine consists of weeding in the 
estate and digging, cutting out of old and drying stems, lopping 
of shade trees, manuring and the planting of supplies. Cardamoms 
planted in areca gardens receive the benefit of the elaborate 
cultivation given to the areca ; the leaves of the Phyllanthus 
emblica are specially applied to the cardamom plants in addition 
to ordinary cattle manure. Weeding and digging operations go 
on from about the month of September onwards. Well-rotted 
cattle manure and sheep manure are greatly esteemed and with 
heavy manuring of this kind, very high, yields are reported. 
Fish manure is also sometimes applied. For larger estates some 
kind of concentrated fertilisers are indispensable, and the follow- 
ing mixture is recommended, viz., 5 cwts., per acre of a mixture 
made up of 3 cwts. of castor oil cake, lcwt. of steamed bone-meal 
and 1 cwt. of potassium chloride. Cattle manure should not 
be omitted but in view of the difficulty of obtaining sufficient 
quantities it can be economised by using manure once in three or 
four years, by dividing the estate suitably and manuring the 
sections in rotation. 

Cardamom plants begin to bear in the third year after 
planting, which may be the fourth or even the fifth year after the 
sowing. The inflorescences spring from the base of the stems of 
the previous year's growth. They are thin long and much 
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branched, and grow erect or lie flat on the ground according to the 
variety. The shoots bearing the inflorescence begin to appear 
from bbe month of January onwards, long before they unfold and 
allow the latter to grow. The flowers are borne in clusters of 
two or three on the brancblets. Flowers begin to open from 
the month of April-May onwards and keep on appearing till 
almost July-August; in fact it may be possible to see a few 
flowers throughout the year. The peak period of flowering is 
however May and June. The flowers are freely visited by bees 
and are therefore cross pollinated in nature. Stigmas remain 
receptive for 48 hours. As the flowers continue to appear at 
intervals during a long period the fruits likewise ripen irregularly 
at interval?, necessitating several pickings. From the opening of 
the flower to the ripening of the fruit is nearly three and a 
half to four months, and fly picking begins about the end of 
August and the main picking continues from September onwards 
until January. Stray pickings may continue up to March, the 
late pickings being more common farther south in the penin- 
sula. In fact at one and the same time shoots enclosing the 
young inflorescences, inflorescence buds, spikes with open flowers 
and those ripening fruits can be seen in many clumps. 

The number of flowering spikes, their length and the num- 
ber of fruits therein in any clump will depend largely upon the 
variety, age of the clamp and the soil, manure and attention it 
has received. Clumps which are almost seven years old may be 
said to be in the prime of bearing, containing on an average 
some twenty stems and about twelve inflorescences. As already 
stated on well grown specimens as many as 55 stems and 75 
infloresences have been counted. 

The picking of the fruit has to be done carefully. Each 
inflorescence has to be gone over and in each only the fruits 
in the correct stage of ripeness have to be picked. If they are 
left to ripen further they give fruits which will split in the drying 
floors. If picked underripe, the fruits shrink on drying and have 
a shrivelled appearance with small thin seeds. The fruits have 
to be picked with the peduncle and not merely stripped or 
plucked carelessly. Every week or ten days the clumps will 
have to be visited and the fruits gathered as they are ready. 

After the cardamom fruits are picked they have to be dried. 
Both sun-drying and drying by artificial heat are adopted. In 
the earlier part of the picking season the rains still continue and 
sun-drying is not possilbe or at any rate cannot be depended 
upon. Artificial devices are used and these vary from crude 
local devices like a mud platform over a wood fire up to large 
drying houses heated by hot air in flue pipes provided with 
proper chimneys, ventilation and so on. The small domestic 
type may consist of a hollow platform about two feet wide and 
six or eight feet long, running along one side of a room, the 
hollow space underneath running from one wall to the other 
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opening at both ends outside. Through one end wood fire is 
lighted and as it burns the hot flames and smoke pass through 
the hollow and outside, heating the platform. The latter is a 
smoothly plastered floor and on it the green cardamoms are 
spread thinly and dried, the fruits being lightly stirred occasion- 
ally. In larger domestic driers, the platform runs along two or 
three sides of the room and firing may be through three or more 
holes in the walls communicating with the flue-like hollows. In 
other types similar low and long platforms up to 20 feet long may 
be erected in sheds open on all sides, and fired from three or 
four vents along the length. The better class of driers, consist 
of a tall room about 10' by 12' which is heated by means of a large 
iron flue pipe which runs from one end "to the other along the 
middle of the room ; one end of the flue pipe is connected with a 
regular iron furnace, properly furnished with grating, doors, etc, 
kept outside the room, and the other end connected with a 
chimney pipe leading the smoke up through the roof into the 
air, A series of small holes in the walls serve to lead out the 
steam from the drying cardamoms. All along the walls are 
racks to hold the rectangular trays on which the cardamoms are 
spread out to dry. Better arraugements in up-to-date large 
driers are made for ventilation and the sweeping out of the 
vapour by means of fans. In these the flue pipes are made to 
run along metal— covered cond uits beneath the floor. Lack of 
proper ventilation to carry off the vapour is the most frequent 
defect in all the small types of chamber driers, and the carda- 
moms sometimes become disfigured by vapour condensing and 
dropping on them. In bad cases the drying almost amounts to a 
cooking. The cruder driers constructed under large open sheds 
are free from this drawback. 

Cardamoms are dried spread thinly in the driers and stirred 
frequently, the drying being finished in practically twelve hours. 
By this method the dried cardamoms retain their green colour 
which is said to be the colour much fancied in recent years in 
the European and American markets. To obtain a somewhat 
brownish tint the cardamoms are spread thickly and stirred only 
occasionally, and when nearly dry are removed and bulked in 
bags or baskets and the drying is completed at a second stage. 

Drying in the sun generally takes three or, four days, which 
produces a certain amount of bleaching, especially so with ex- 
posure to the dews of the night. The bleaching can be carried 
a little further by extending the period of sun-drying, by wet- 
ting the fruits slightly and by putting out to dry in the sun 
alternately several times for two days, and then drying the fruits 
in the sun without further watering, a process which has its 
practical parallel in the washing of clothes by the Indian 
washerman. 

In order to obtain the so-called white or bleached carda- 
moms which is a distinct trade quality and. is greatly in demand, 
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cardamoms are specially subjected to a bleaching process. The 
Indian demand is met by a peculiar bleaching process which is 
confined to Haveri in Southern Bombay — a great trade centre for 
cardamoms. The bleaching process- is in the hands of a parti- 
cular set of people and the bleaching action is said to be largely 
due, among other things, to the water of certain wells which is 
used for this purpose. The process consists in washing 
the dried cardamoms in water containing a mash of soapnut 
(both ' Sapindus saponaria ' and ' Acacia concinna ') and also 
ordinary soap, draining and washing again, draining and then 
spreading out to dry indoors, with • occasional sprinkling with 
the well water, and then drying in the sun the following day. 
Bleaching on the estates themselves is also done by means of 
sulphuring. This consists in exposing the dried cardam )ms to 
the action of sulphur di-oxide produced by burning ordinary 
sulphur. The cardamoms are spread on bamboo trays placed 
one over the other in special sulphuring boxes, at the bottom of 
which Well below the lowest tray the sulphur is burned in little 
tins or saucers. Instead of the box, the small drying chambers 
are also used. Before sale the produce is further prepared by 
trimming the ends of the cardamoms, garbling and sorting. 
Fruits which were not quite ripe when they were picked shrink 
a great deal on drying and the seeds too are pale or brownish in 
colour and not black. A. number of fruits split on drying partially 
exposing the seeds, if not scattering them altogether. This is usually 
caused by over-drying ripe fruits, or occurs in the case of fruits 
cut too close to the body of the fruit. Other fruits are very small 
in size. These are all faults and such fruits are removed in the 
garbling. Round fruits are sorted out and separated from 
longish fruits, and in both classes distinct colour grades are 
sorted such as dark green, light green, deep golden and light 
golden. Markets in India have distinct preferences; thus, 
Bombay and the West Coast are said to fancy round fruits, 
Delhi white round fruits, Calcutta and Hyderabad a longish 
fruit of the bright white kind. 

Yield. — The yield of dry cardamoms per acre from estates 
of good bearing age is generally reported to be about 250 lbs. 
Between 1 and l£ cwts., an acre is about the minimum expected, 
anything below this yield being very low and due to bad season, 
disease or neglect. On small gardens heavily manured with 
cattle manure and with good facilities for irrigation very high 
yields up to 700 lbs. an acre are said to have been attained, which 
shows the possibilities. Large well-grown individual clumps are 
known to yield about two to three lbs. of dried cardamoms per 
clump. 

The cost of bringing an acre of jungle land iuto cultivation 
under cardamoms, until it comes to bearing, that is, for three 
years will obviously vary a good den I ; one estimate for Mysore 
conditions pats the amount down as lis. 260 per acre excluding 
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the cost of land. The annual expenditure on it thereafter will 
amount to Es. 60 an acre including cost of manuring. The 
price of cardamoms has varied much in recent years; it has gone 
up to Es 4 a pound and also dropped down to almost Be. 1 per 
pound. Taking it at an average rate of Bs. 1-4-0 per pound and 
an ordinary yield of 1 cwt. an acre, a net income of about 
Es. 80 per acre may be expected. A Ceylon estimate for a 25 
acre cardamom estate brings oat the profit per year per acre 
to about Rs. 194, the yield being taken at .nearly two cwts. an 
acre and the price at Bs. 2 per pound. An estimate for estates 
in the cardamom hills puts down the net income at over Bs. 350 
per acre. 

Botany and Varieties. — The cardamom plant belongs to the 
natural order Scitaruineae and the family Zingiber aceae. They are 
perennial plants springing from under- ground rhizomes in clumps 
of a dozen or more with rounded, upright or slightly slanting- 
stems about 1| inches in diameter, which are formed by the long 
sheathlike leaf stalks which lie one on the dther and form the so- 
called 'stems'. These individual leaf blades which have a long 
petiole, and are lanceolate in shape are from 1 to 3 feet in length 
and from 3 to 6 inches across their largest width. The leaves 
are dark green in colour and either glabrous or pubescent with a 
soft velvety undersurface. The clumps generally attain a height 
of six to twelve feet. The flowering stalks spring from the 
rhizomes and are generally recumbent and attain a length of 
anything from two to four feet ; in some varieties they are erect 
or semi-erect but even thes8 bend over and become practically 
recumbent with the weight of the fruits as they swell and ripen. 
The flowers are bisexual and irregular ; the bracts 2 to 3 flowered, 
calyx striate, cylindrical and persistent, corolla tube shortly 
exerted and lateral staminoids of minute teeth, Hp obovate 
cuneate and the capsule subglobose and rounded or three cornered 
and varying in size in the different varieties. The seed in the 
ripe capsule is black in colour and embedded or covered over 
with a thin white mucilaginous coat. The seeds have a hard 
seed coat and number about 15 to 20 per capsule. 

Three varieties of cardamoms are generally recognised, via., 
the Malabar; Mysore and Ceylon. A certain amount of confusion 
prevails in respect of the characteristics, among growers in 
different tracts and local names like Manjarabad, Malai-(or hill), 
Annamalais, etc., by which the plants are known add to the 
confusion. Usually a mixture of the different varieties is to be 
seen, though as far as South India is concerned the so-called 
Mysore and Malabar varieties may besaid to predominate. The 
characteristics on which there is more or less general agreement 
are given below. 

'Malabar, — Elettaria cardamomum. The leaves may be 
smooth or hairy on the underside. The spikes are about two to 
three feet long and are recumbent in habit, lying flat on the 
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I. The trailing variety. 
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ground. Flowers are in clusters of two or three. The fruits are 
globose, ovoid, three aided and lightly ribbed; their character- 
istic is however the globose rounded fruits. There is much varia- 
tion in size and shape, leading to considerable sorting in the 
commercial grades The fruits are smaller than 'Mysore", are 
yellowish when ripe and are found to be less susceptible to the 
attacks of thripe, but is more susceptible to the disease called 
'kabte' probably mosaic (?) , The variety known as Manjarabad 
is identified as ' Malabar \ 

ilf7/5ore.~-This is a very robust variety ; the stems grow up to 
ten feet with large coarse leaves, the under surface being smooth 
but not velvety. Theflowering spikes are either erect or recumbent, 
with flowers in clusters of five or seven. The fruits are yellow 
when ripe and are distinctly three cornered and ribbed. The 
variety is found somewhat resistant to 'kafcte' disease. It is 
suitable for higher elevations than Malabar. 

Ceylon. — A robust variety with stems shorter and leaves 
broader than the others. i?rom the base of the stem to the base 
of the leaves the stems show a characteristic light pink tinge. 
The flowering spikes are erect, the fruits are yellowish green 
when ripe somewhat longish from one to two inches long, and 
when dry are arched and are darkish " brown in colour. Tne 
seeds are more numerous, larger and less aromatic. The fruits 
are much subject to attacks by thrips but the variety is found 
resistant to ' katte , disease. 

Another variety has been distinguished , v iz, } El ettaria 1 ax'mora, 
which has the following characteristics. The flowering spikes 
appear very loose and open, both sub-branches and clusters 
likewise lacking compactness. The flowering spikes have a 
recumbent habit. The fruits are up to one inch in length, and are 
yellow when ripe. 

What was called the Ceylon cardamom in one of the Coorg 
estates was the variety with the erect flowering spikes. The 
clumps were very large and possessed a very, large number of 
flowering spikes. A Ceylon clump and a local (called the Manja- 
rabad) variety growing side by side under almost identical condi- 
tions showed striking differences in growth ; the former was a 
very large bush consisting of 55 stems and having 75 flowering 
spikes wbile the latter comprised only 22 stems with 38 flower- 
ing spikes. The flowers in the former were also more closely 
set and a good number had opened about the same time, which 
indicates more even ripening or at least a reduction in the 
number of pickings required. 

In addition to the cardamom proper there are several other 
closely allied plants whose seeds resemble the true cardamom 
in taste and smell. These are (1) the round or cluster cardamom 
(Amomum kepalage.) of Java whose seeds have a camphor-like 
taste, (2) Korarima cardamom, whose fruits are : larger, reddish 
brown in colour and striated, and the seeds have the taste of the 
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genuine cardamom, (3) Bengal cardamoms (Aframomum 
aromati cum) whose fruits are also larger and winged and the seeds 
taste aromatic and somewhat like camphor, and (4) wild car- 
damoms (Aframomum xanthoids) or ' Siain Cardamom' whose 
fruits are spiny and whose seeds resemble closely the genuine 
cardamoms but have a different flavour. 

Pest and diseases. — 'The cardamom plant is subject to many 
insect pests and diseases. The insect pests comprise the follow- 
ing:— (1) the caterpillar Eupterote canaraion M — which eats the 
leaves and completely defoliates whole clumps. The hairs of these 
caterpillars cause painful sores when they come into contact 
with the human body and make it almost impossible for 
labourers to work in their midst for cultivation or harvest. 
These caterpillars are nocturnal feeders ; they spend the day on 
the barks and branches of the jungle shade trees and descend 
down with nightfall in great numbers and feed on the cardamom 
plants and crawl to the trees by day-break. The pest is said to 
occur only in cycles of a few years, the exact number not being 
known, so that after one or two years of serious infestation they 
disappear altogether to appear again only after several years. 
The caterpillars are also severely parasitised by a small parasitic 
wasp which effectively checks its multiplication. Pupation takes 
place inside little pellets of earth and frass at the base of the 
trees ; thesf pellets can be gathered by removing the earth round 
the trees and passing it through a coarse Bieve when the pupae 
are left on the sieve and can be destroyed. The pest was very 
severe in parts of Mysore and Coorg during the years 1936, 
1937 and 1938. 

(2) Thrips {Toeniothrips Oardanomi B) are another serious 
pest. These infest the outside of the fruits from the time they 
begin to form. The fruits become shrunken and unequally 
developed and in bad cases are reduced to the size of a pepper 
corn. Moreover all thrip-attacked fruits show little corky 
incrustations on the skin which seriously disfigure them and 
reduce their value considerably. The pest has spread much in 
recent years and now prevails in nearly all cardamom tracts, 
No satisfactory remedies are known ; though it is claimed that 
dusting the base of the clumps and the inflorescence with sulphur 
or pyrethrum powder and spraying with tobacco decoction 
materially reduce the damage. It has been observed that the 
pest occurs more on the erect than in the prostrate or semi-erect 
variety. 

3. Both stems and fruits are sometimes subject to the attack 
of a boring insect— DiViooosis punctiferalis, Gn, — the grubs of 
which bore into the stem and also into the fruit capsules. The 
insect is the same one as is found attacking the pods of the castor 
oil plant by boring into the seed capsules. The remedy sugges- 
ted is to cut out and burn the affected stems of the cardamoms 
and in case any castor plant should be growing in the 
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neighbourhood, to burn the seeds and capsulesof these plants as 
well. In view of the risks of the attack to the cardamom plants 
it will be well not to let any castor plant grow in the proximity 
of the cardamom at all, as is found in many estates near the 
labourers' quarters. Other insects noticed are (a) tingid bug 
(Stephanitis typicus Dist) a small insect which breeds in DUinbei's 
on the cardamom leaves (b) a seolytid beetle which bores into 
the seed capsules (c) a small fly maggot which bores into youag 
shoots. None of these however causes any serious damage. 

In Ceylon the larvas of a butterfly (Lampi'des elpis, Godart) 
are said to cause serious injury to the fruits as they breed and 
grow inside, the capsules feeding on the young seeds and when 
about to pupate, cut out a hole in the fruit through which they 
leave. Seventy to eighty per cent of the fruits are said to be 
attacked in bad cases, but ordinarily the loss is put down at five 
to ten per cent. Catching the butterflies with butterfly nets and 
the application of wood ash or lime about the base of the plants 
are suggested as remedies. The butterflies, both male and female, 
have a conspicuous blue colour, the former with a more brilliant 
and metallic hue and the latter somewhat dull blue and are said 
to abound in estates at low elevations. 

A serious disease the exact nature of which has not been 
established is a kind of mosaic {?) in which the leaves and the 
stems gradually dry up and die. The disease seems to attack 
plants in all stages, from seedlings in the nursery to well-grown 
bearing plants in the garden. The disease has not been studied. 
Spraying with Bordeaux mixture in the belief that it may be a 
fungus disease beginning from the leaves and proceeding down- 
wards, was reported as not to have kept it down. 

In addition to these diseases and pasts a good deal of damage 
is caused by the depredations of large animals. Thus, much per- 
manent injury to the plants is caused by the inroads of monkeys 
which tear and strip open the clumps and eat the render portions 
of both new and old stems. An occasional visitation by elephants 
spells disaster, and these cause as much damage by trampling the 
plants as by browsing in them. The ripe fruits are eaten by 
birds, monkeys, squirrels and rats which sometimes necessitates 
the picking of the truits before they are quite ripe because if they 
are left over they will be eaten by these animals before the 
next round of picking takes place e 

Chemistry and uses. — The Indian demand for cardamoms is 
largely for use as amasticatory.flavouring in cooking, confectionery 
and for medicinal purposes. The cardamom owes its special 
properties to a volatile oil, which is present to the extent of four 
to six per cent in the seeds of the Ceylon cardamoms, and of two 
to eight per cent in the Malabar cardamoms. The oil is light 
yellow, viscid, has the strong aromatic odour of cardamoms and 
a pleasant cooling taste. In has a specific gravity of 0"90S, and 
a saponification number between 30 aDd 80, The seeds contian 
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about 10 to 11 per cent of proteids, 42 per cent of carbohydrates, 
20 per cent of fibre and about 5' 5 per cent of mineral matter. 

Ptoduction and trade. — The area under cardamoms in India 
can be put down approximately as a little over 100,000 acres. 
Travancore has 60,000 acres, Mysore 22,000 acres, Madras 
15,000 acres, Coorg 10,000 acres and other areas 1,500 acres. 

The figures for the external trade for the year 1938-39 are 
as below : 

Exports— 1 3,202 cwts., valued at Es, 31,51,693. 
Imports — 1,055 cwts. 

Great Britain, Sweden, Germany and the United States of 
America took the largest quantities, viz., 1,258 ; 2,795; 2,334 and 
1,230 cwts., respectively. Mysore exported in the year 1935-36 
by rail alone about 8,460 cwts. of cardamoms valued at 
Rs. 10,13,358. In addition there is a large export by road, for 
which no accounts are available. 



V. CORIANDER (Coriandrum sativum). „ 

Vernacular names foe CORIANDER : — Kannada-KoTHAUBm- 

BIJA; Ta«M>KOTHAMALLl; Tekf/M-DHANIYALU, KOTHUMEHI ; 
Malaya.lam-KOTBVUVALA'Rl ; Hiitdustani-DnAmA, 

The coriander is cultivated on a field scale for the sake of 
its seeds and on a small scale for the sake of its green leaves and 
stems. The coriander seeds of commerce are an important spice 
in Indian cookery and industrially form the source of coriander oil 
which is distilled from the seeds. The green leaves and stems are 
used almost every day in Indian homes for flavouring many of 
the dishes. The seeds have valuable medicinal properties. 

Distribution. — The coriander as a cultivated plant is very 
ancient, and the seeds are said to have been found in the 
Egyptian tombs of the tenth century B.C. It has formed a 
highly esteemed spice credited with medicinal properties among 
both the Asiatic and the European nations, and the races occu- 
pying the North African Mediterranean coast from very remote 
times. At present, it is cultivated largely in India, in Turkey 
and Palestine, in Russia and the Balkan countries and in North 
Africa, principally Morocco. In South India, it is a crop of 
considerable importance mostly in the black cotton soil tracts, 
and both Mysore and Madras grow large areas. From both 
provinces large quantities of the seed are also exported. 

Soils — The soils suited to coriander are the black cotton 
soils and the heavy black clayey soils usually put under rice and 
forming the bulk of the soils under tank irrigation. It is grown 
on the red loamy soils also but this is only in a few tracts ; the 
coriander is really a typical black cotton soil crop. 
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Hotation. — In Mysore, coriander is grown in two seasons, 
the early season from May to August and the late season from 
October to January. The crop takes only about three to, three _aa&» 
a half months to mature. The coriander forms generally one of 
two crops on the land, being either preceded or followed by the 
other crop. There are tracts in which coriander is grown twice 
in the same year on the same field. In the years when very high 
prices were ruling for coriander, this practice of growing two 
crops in the same field in the same year was being largely 
adopted wherever conditions were suitable. The rotation in the 
early rainfall tracts is, gingelli in the early season followed by 
coriander in the late season, or coriander in the early season 
followed by Bengalgram in the Jate season. In the late season, 
other crops are also grown such as late jola, wheat or onions, and 
garlic, while likewise in the early season onions and garlic are 
also grown to be followed by coriander. 

Coriander, as cultivated in Mysore, is grown as a pure crop. 
The mixed crop husbandry so common with many crops in 
Mysore is not practised in the case of the coriander, which in 
this respect resembles Bengalgram, In the Madras Districts of 
Coimbatore and Tirunelvely and even in Mysore in the villages 
bordering Coimbatore, the practice of growing coriander along 
with cotton almost as a catch crop prevails. 

Coriander is grown only as a rain-fed crop, on a field scale. 
Large areas of rice lands under several tanks are often cultivated 
with coriander but this is in years where there is not sufficient 
water in the tanks for the cultivation of rice, and the coriander 
crop is grown principally with the help of the moisture stored in 
these retentive soils. 

Cultivation. — The crop is jasmin the jrniddle of MAy, for 
the early season crop and in the middle of October for thejjifee 
season crop. The preparation of the soil for the coriander is of 
"a' very ordinary character. In the early rains of April (and for 
the late season crop in the month of September) two ploughings 
are ordinarily given, followed by working the bladed harrow, or 
the ploughing is entirely dispensed with and only the bladed 
harrow worked . In the black cotton soil fields little or no 
manure is used, but in the case of the red loams or the black 
soils of the somewhat loamy types, cattle manure is applied to 
the small extent that can be spared from the needs of the grain 
crops and about five cart-loads are given. As in the case of 
other crops, coriander responds well to manuring which is- well 
demonstrated when the crop is grown as a garden crop. 

The cpriander seed has to be prepared for sowing, by, bdug, 
trampled under the feet, so that the seed splits into two halves. 
The coriander seed is really the fruit, which consists of two 
semi-circular loeules closely adhering to each other and giving the 
fruit the familiar round shape. By a little pressure the two loeules 
separate; the small round seed is located inside these locales, 
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one in each locule. By a trampling or rubbing, the coriander 
splits into these two halves, and sown in this way, only one plant 
springs from each seed whereas if the fruit was sown entire, two 
spring from each fruit. The process has the object therefore of 
economising the seed and of avoiding too thick a stand of the 
crop. As compared with other field crops, the coriander takes a 
long time to sprout, often quite ten days, and this long period is 
also likely to be further prolonged if the whole seeds are sown 
instead of being split and sown. At, least ten to fifteen pounds of 
seed will be required to sow an acre. 

Coriander is sown either broadcast or in rows. Jn the 
former case, the field is set out by means of plough furrows into 
long sections of about six feet wide and these sections are sown 
one by one and the seed covered by a light ploughing. The 
more general practice is to sow the seeds through a drill ; the 
single tyned drill tube is tied behind the plough and the seed is 
dropped into the plough furrow through the drill; or a regular 
three-tyned seed-drill such as is used for sowing jola is used. In 
either case the seeds are s'own in lines about nine inches apart. 
The rows are covered by ploughing an adjoining furroM' or by 
means of the bladed harrow. Ihe surface is stirred with a 
harrow and the crust broken in case a rain should be received 
after sowing and a soil crust should form thereafter. When the 
plants have sprouted and are wfII above ground, the crop is inter- 
cultured with a toothed hoe and before the rows close up, a 
second interculturing is also given. In about two months., the 
plants are full grown and in full flower. The fruits are ripe in 
another six weeks and the crop is then harvested. The plants 
are pulled out by the roots and are taken to the threshing floor 
where they are stacked. The crop is threshed either a few 
days alter stacking or are kept for a month and then threshed at 
leisure. Threshing is by means of trampling under the feet of 
a team of oxen, or by beating out with sticks. The produce is 
then screened, winnowed and put out to dry thoroughly in 
the sun. 

Yields. — A full crop yields as much as t,800 to 2,000 lbs. 
of seeds while an ordinary crop is reckoned as 800 lbs. The 
seeds are light and a palla of 100 Mysore seers will weigh ooly 
about 93 to 95 lbs. The price of coriander has been fluctuating 
a great deal. Not many years ago, it soared up to Rs. 25 a palla 
of 100 Mysore seers and though it came down soon after, it still 
remained high enough to make the crop very profitable and 
popular. In recent years, however, prices have come down to 
less than a sixth of the above figure. 

Botany and Varieties. —The coriander plant — Goriandrum 
sativum — belongs to the natural order Umbellifereas. The 
plants are thin stemmed, low growing herbs, which grow to a 
height of 9 inches to 2 feet; the stem is very thin, rounded and 
hollow, and the full grown plants have often a tendency to bend 
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and he flat on the ground on account of the stem being too thin 
and weak to bear the many branched tops and umbels. The 
plants are much branched and the stems are either light green 
or have a purple blush. The leaves are alternate, cntup fund and 
the petiole has a pair of stipules which sheath the stem at the 
base. The compound leaves become highly segmented and 
linear as they reach the upper extremities. Both leaves and 
stem --as indeed the whole plant — have a strong aroma, for the 
sake of which the leaves are used in Indian cookery. , This 
peculiar smell or aroma is found most disagreeable by some, 
being compared to the disgusting smell of the bed bug The 
name Coriander is descriptive of this smell (being derived from 
the G-reek word 'K.wis' meaning 'bug') The inflorescence is a 
compound umbel and comprises usually about five smaller 
umbels The corolla is made up of five very small petals which 
are either white or have a tinge of purple; the flowers are both 
bisexual and unisexual, the latter being mostly staminate. The 
flowers possess five stamens and the ovary is inferior and bilo- 
cular. The fruit is small and rounded, the surface having 
longitudinal fine grooves and ribs; when pressed it breaks easily 
into two locules, convex outside and concave inside, in each of 
which there is one seed. The fruits are aromatic, due to the 
presence in them of a volatile oil in amounts varying from 0'2% 
to 1'0% according to variety. 

In cultivated fields two different varieties can be seen, one 
having a light green stem and the other with a somewhat light 
purple blush on it. These colours of the stems can be recognised 
on the flowers also, the purple stemmed plants have slightly 
purple coloured flowers and the green stemmed plants have 
completely white flowers. The other characters of the two 
varieties do not seem to have been studied and it is not known 
what differences exist between them in regard to oil content 
and so on. 

Pests and Diseases. — The coriander plant is not subject to 
any serious insect pest. Occasionally s me stink bugs are found 
on the plants but they cause no injury worth mentioning, nor are 
the leaf eating caterpillars— of which the Lapkygma e.xigua, is the 
common one — f any importance.. Th« coriander fruits are 
subject to the attacks of a boring grub which eats the contents 
of the growing fruits and leaves them hollow. This is also a 
very insignificant pest. 

The most serious of the diseases of the coriander are (1) a 
wilt disease which in some years bills a large number of plants, 
and (2) the mildew; the latter appears when there is much 
moisture and damp at the flowering time and brings about an 
almost complete loss of ciop. Sulphur dusting, or preferably in 
the case of the field crop, spraying with Bordeaux mixture 
should he found effective as control methods, in the case of the 
mildew. No remedies are known for the wilt disease. 

20 
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A tumour forming fungus {Protomyces macrospoms, Ung,) 
has been noted in certain places in India, Africa, and Australia 
which produces tumour- like swellings or galls on the flower 
stalks, petioles and other green parts of the plant. The damage 
caused is however insignificant. 

Chemical composition a?id uses. — The coriander seeds (fruits) 
from different countries vary in their content of Coriander Oil 
(volatile). Thus coriander from Russia yields from 0'5 to 1 per 
cent, Italian 0"5 per cent, Morocco from 0'2 to 0'3 per cent and 
East Indian seed only 0"15 to 0"2 per cent. The seeds have the 
following composition :— 
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The seeds have a high Vitamin A (carotene) value. Coriander seeds 
are credited with many medicinal properties and form a valuable 
household remedy. They are ' carminative, refrigerant, diuretic, 
tonic and aphrodisiac'. The seeds are chewed to correct 'foul 
breath'; they are a sedative, and are thought useful in lessening 
the effects of intoxicating spirituous liquors. 



VI. MENTHYA, Fenugreek (Trigonella foenum-grsecum). 

Vernacular Names for MBNTHYA :— Kannada-WL-EwmYA, 

Tamil- VENTHAYAM, I'eZwgut-MENTHULU, Malayalam-UmJUA., 

Hindustani-M~ETH.I. 

The fenugreek is mainly a condiment crop, the seeds being used 
extensively in Indian cookery as a condiment or spice, much 
in the same way as coriander or cummin seeds. The green 
plants are also largely used as pot herbs, gathered when they 
are young and tender and lon» before they begin to flower. 
Elsewhere as in Upper India and in the Punjaub, it is one of the 
main green fodder crops, for which purpose it is cultivated along 
with other given fodder crops in small areas but very generally. - 
Being a leguminous crop, it compares with lucerne and berseem 
as a valuable green fodder crop, in addition to serving as a soil 
renovating crop. It is said to be a native to India but is now 
grown throughout the tropics. 

Soils, Rotation. — The fenugreek is suited only to the tracts 
of moderate or low rainfall and cannot be cultivated in tracts or, 
seasons of heavy rainfall. The crop is grown mostly under 
irrigation as a garden crop on well drained loamy soils and light 
alluvial soils. It is grown also as a dry crop on the black cotton 
soils on a field scale, in sections of moderate rainfall, where it is 
one of the early and short season, crops which are later followed 
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by the crops of the late season. The crop is grown both in the 
early rains — when it is raised as a dry crop—and in the late 
season as a hot whether crop under irrigation, as a garden crop. 
As a pot herb for the kitchen it can be grown practically at any 
time during the year. 

The crop takes only about 2§ to 3 months to mature and on 
the black cotton soils it is possible to take a second crop in the 
same field as a dry crop in the same year, during the late monsoon. 
On these soils it is sown either by itself or as a mixture with the 
other early crops like green gram, gingelli, coriander, etc., among 
which it occupies alternate strips of a few or more rows a? may 
be required. It is followed in the rotation by crops like wheat, 
Bengalgram or late season jola. Grown as an irrigated garden 
crop, it is generally followed by a grain crop like jola or ragi or 
by one or other of the large variety of garden crops. 

Cultivation, — On the biack cotton soils the field is well pre- 
pared by thfi heavy bladed harrows and the clod breaking and 
levelling boards during the early rains ; About che middle of 
June or early in July in the slightly moist seed bed the seeds are 
sown through four-tyned seed-drills, the tynes being about nine 
inches apart, and the rows are covered by working the light 
bladed harrow. If sown pure, about 15 or 2D lb, of seed will be 
required to sow an acre. The seeds sprout quickly and show 
above ground in three days. Growth is also quick and in the 
ca3e of its use as a pot herb the plants can be gathered and used 
from about the third week. On a field scale an interculturing 
is given early in the second week. The plants begin to come 
into flower in six weeks but long before this stage, considerable 
quantities are removed and sold as greens or pot herbs. In about 
a month or five weeks after the flowering, the seeds mature and 
are fit for harvest. The plants are pulled out by the rots and 
brought over to the threshing floor where they are put out to dry 
in the sun. The pods split easily and are beaten with stieks to 
free the, seeds complete!}', which are then winnowed and cleaned. 
They are further dried in the sun before they are stored or 
sold. 

Irrigated Cultivation. — The crop is cultivated more usually 
as an irrigated garden crop. For this purpose the field, alter it 
is well prepared and manured, is laid out into beds suitable for 
irrigation. Seeds are sown broadcast, somewhat thickly, at the 
rate of 25 to 30 lbs. of seed per acre and are well stirred in. The 
crop is irrigated regularly as required. A good portion is usually 
removed when young for sale as pot herbs and in Upper India 
practically the whole crop is removed at the stage when the pods 
arj forming, for use as green fodder. Only a thin stand of the 
crop is left to mature seeds in both cases. 

The yields are very variable, depending upon whether the 
crop is grown as a dry crop or as an irrigated crop, mixed or: 
pure, an d the extent to which it was used before the seeds set. 

30* 
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Grown on a small scale under irrigation, a maximum of about 
400 lbs. may be expected per acre. 

Botany and Varieties. — The fenugreek — Trigonella fcenum 
grseeum — belongs to the order Leguminoseae. The plant is a 
herbaceous annual which grows to a height of about a foot. The 
stem is very thin and rounded and is much branched. The leaves 
are pinnately trifoliate, petiolafce, with two light green stipules. 
The flowers are sessile and are borne on the leaf axils in singles 
and are white or light yellow in colour. There are ten stamens, 
diadelphous and united for the major part of their length. The 
pod is 3 — 4 inches long with a long persistent beak ; the pods 
contain 10' — 20 seeds each. 

Chemical Composition and Uses. — Both the seeds of the 
fenugreek and the green parts of the plant used as pot herbs are 
slightly bitter to the taste. The seeds are valued both as a spice 
or condiment and as an article of medicinal value. It is principally 
as a carminative and tonic in gastric" troubles generally that 
the seeds possess medicinal properties ; the seeds are also 
reputed to increase the flow of milk and on this account 
are largely mixed and ground with the mash of pulses, cotton 
seed, etc., prepared for milking cows and buffaloes. The seeds 
also enter into the composition of many of the 'condition powders' 
recommended for cattle, sheep and horses. The raw seeds swell 
up and become highly mucilaginous on soaking in water and to 
this is sometimes attributed their beneficial action in gastric 
troubles. 

The composition of the seeds is as below : — Moisture 13'7, 
protein 26'2, fat (ether extract) 7'2, carbohydrates 44'1, fibre 
1-1 and mineral matter 3 per cent. Among the mineral con- 
tents, the seeds contain of calcium 0' 16 per cent and of phosphorus 
0*37 per cent. (Aykroyd). 

Pests and Diseases. -The fenugreek plant is not subject to 
any serious pests or diseases. It is sometimes attacked by the 
ordinary mildews and by a rust which is characterised by small 
brown spots on both the surfaces of the leaves. The name 
Uromyces trigonellae has been given to this rust. The damage 
clue to these two diseases is insignificant. Young seedlings are 
subject to damping off, when the soil is too moist or there is 
much rain on the crop. 

VII. JEERIGE, Cumin seeds (Cuminum cyminum). 

Vubnacular Names fob JEERIGE :— Kannada-lWE,m(m, 

Tamil-SIRAGAM. 'Telugu-JiLAKARA, Malayalam-JonEKAM, 

HindustaniSlUA. 

Distribution.— The 'jeerige' crop is cultivated for the sake of 
its seeds which are used as a spice in cookery and also in medi- 
cinal preparations. They are very much like caraway seeds by 
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which indeed they have been displaced in European markets. 
In India, they are largely used much in the same way as, and 
frequently in conjunction wit 1 !, the sieeds of coriander. The crop 
is said to be a native of Egypt though in India itself its cultiva- 
tion is very old. The cultivation now extends over many parts 
of the world, principally under tropical and sub- tropical climates. 
In addition to India, Persia, Arabia, Egypt, Morocco and Sicily, 
China and the eastern Archipelago including Java now grow the 
crop, and some of them like North Africa and Sicily are also 
large exporting countries 

Climate/ — The crop is capable of being grown from sea level 
up to high elevations of even 10,000 feet. It flourishes in a 
somewhat mild climate rather than in the hot plains. It is 
a somewhat delicate crop and has to be grown under careful 
garden conditions, with moderate well-regulated irrigation. It 
cannot stand anything but very light rain-fall during the grow- 
ing period and is, as a matter of fact, cultivated before the south- 
west monsoon proper begins and after the heavy rains of the 
north-east monsoon have come to an end. 

Soils. — The soils suited are deep friable well drained loams, 
the typical high grade garden soils. The soil too requires 
thorough preparation and liberal manuring. 

Cultivation. ' Jeerige' is grown in two seasons, viz., in the 
early season from about the middle of April, and in the late 
season from about the end of October. The crop matures in 
about 90 days. 

The soil is ploughed several times, the clods are broken, 
weeds and stubble roots removed and a fine tilth produced. 
The soil is heavily manured with some 30 cart-loads of cattle 
manure per acre. The manure is well worked in and a firm 
fine well-manured seed bed is produced. The field is now laid 
out into small beds suitable for irrigation. Seed is sown broad- 
cast at the rate of some 30 or 35 lbs. per acre and is well stirred 
in with the hand or with a band rake. The beds are now irri- 
gated carefully, bo that the seeds are not floated and carried to 
the corners of the bed. Germination takes place in five days. 
The beds are lightly irrigated every day and after a week or ten 
days thereafter the beds are hand weeded. The plants are now 
well established and make rapid growth with regular irrigation 
once in three or four days. In about seven weeks from now the 
crop comes into flower. Irrigation can now be given at longer 
intervals of a week. In three weeks mors, the crop matures seeds 
and is ready for harvest. The plants are pulled out and stacked 
carefully for a couple of days and then are put out to dry in the 
sun. The seeds are then beaten out and trampled out under the 
feet of the labourers on a clean floor. The crop is seldom grown 
on any field scale ; yields under the small scale garden cultivation 
usually practised will amount to about U5Q or "800 lbs. 
per acre on an average and may go up to 400 lbs, in a good crop. 
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Botany and Varieties. — The 'jeerige' plant — -Ouminum 
cyminum— belongs to the natural order Umbelliferese. It is a 
slender annual herb, the stems being much branched from the base 
and very thin in size. The plants grow about a foot in height, 
The leaves are very thin and linear and bluish green in colour, the 
petiole sheathing the stem at the base ; they are twice or thrice 
partite, the segments being filiform. The inflorescence is along 
stemmed compound umbel. The flowers are white or light 
red in colour, the calyx is five-lobed and unequally segmented. 
The fruits (seeds) are thin about 1/5" or 1/6" in length and are 
laterally compressed, which gives them a kidney shape in a sec- 
tion across the length. There are at least two varieties and 
probably more but no studies appear to have been made. There 
is considerable variation in the oil content of the seedsj depending 
upon the country of origin, which may perhaps be due to varietal 
differences. 

Pests and Diseases- — No insect pest or disease of any 
impoi lance is noted on this crop. Leaf eating caterpillars are 
occasionally found and some plant bugs are noticed on the 
flower heads. 

Chemical composition and uses. — The chief use of 'jeerige' is 
as spice in Indian cookery, it being an invariable ingredient in all 
curry powders The seeds are used as a medicine and are taken 
internally either as such or in the form of a decoction. They are 
also used for external application in the form of poultices. 

The seeds owe their aromatic odour to a volatile oil which 
is present to an extent varying from 2' 5 to 4 per cent. Indian 
seeds are found to contain about 3"5 per cent. The oil has the 
characteristic odour of the 'jeerige' seed and the active principle 
giving the odour aud the special medicinal properties is cumic 
aldehyde or cuminol. 

The following is the composition of the seeds: — 
Moisture 12, protein 18" 7, fats (ether extract) 15, mineral 
matter 5'8, carbohydrates 36'6 and crude fibre 5"8 per cent. They 
also contain calcium and phosphorus to the extent of 1'08, and 
0'49 per cent, respectively, and iron 3'10 mgs. per cent. They 
have a carotene content of 870 units. (Aykroyd). 



VIII. MUSTARD (Brassica nigra or Slnapls nigra). 

Vbenactjlah names fob MUSTARD ; Kannada—SASivn ; 

Tamil— Kadugtj ; Telugu—kVKhV ; Malay alam~ KATDKU ; 

Hindustani — Bai. 

The mustard crop is cultivated for the sake of its seed 
which is a condiment or spice, which is the source of a valuable 
oil and which finds considerable use in medicine. Though the 
mustard commonly and almost exclusively grown in South 
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India is the black mustard (Braasica or Sinapis nigra), there are 
a large number of species cultivated in other parts of India and 
in other countries of the world which closely resemble each other 
and with which the common mustard, is likely to be confused. 
Thus there is the white mustard, the ' sarson ' of Upper India, the 
rape, the colza seed and several others. One or more of these are 
grown in many countries under widely differnt conditions of 
climate, from the tropical to the temperate and even the colder 
climates. The crop furnishes also green feed and grazing to 
cattle and sheep and some species are grown almost exclusively 
for this purpose in certain countries. 

The South Indian mustard or black mustard is largely grown 
as a mixed or subordinate crop along with the main crop of ragi 
in Mysore. It is seldom or never grown by itself nor is it grown 
on any large scale. But nearly every one who grows ragi sows 
a small quantity of mustard along with the grain, with the 
result that in the aggregate quite considerable quantities are 
produced in the country. Grown in this way it is solely a rain- 
fed crop, is cultivated in all classes of soils except the black 
cotton or black clayey types and is grown in the main growing 
season viz., from July to November. The method of cultivation, 
the preparation of the soil, sowing and interculture are all exactly 
the same as for ragi, and are indeed common to both. t^SJamong 
the rows of ragi the mustard occupies rows about six feet apart, 
much like the other subordinate crops of 'avare,' niger, fodder jola 
etc., usually sown along with ragi. The seeds are sown either 
pure in the rows or these rows themselves may carry a mixture. 
The number of rows or the proportion of the mustard crop in 
the ragi is never definite and is decided solely by the needs or 
wishes of the cultivator. The sowing is simultaneous with the 
ragi, that is, any time from the middle of June to the middle of 
August, The seeds sprout very quickly in the moist soil, the 
seed leaves appearing within 48 hours. The crop shares in the 
inter-cultivation given to the ragi crop. The crop begins to 
flower in about 45 days and the pods ripen in another month 
thereafter, when the crop is harvested. The harvesting is by 
cutting down the plants or by pulling them out. The harvested 
plants are then, taken to the threshing floor and stacked. They 
become quite dry in about three weeks and are then threshed by 
beating with sticks. As already stated, the crop is sown in very 
indefinite proportions with the ragi and nearly always on a small 
scale and individual farmers seldom gather more than fifty or 
hundred pounds. If grown pure (which is very rarely done), 
about 400 _lbSj!„.a£.saed,jaay.,be expected per acre. 

"" Eoiamj and Varieties. — The mustard belongs to the order 
Crucifereae and has been placed in the genus Brassica (or at one 
time, Sinapis). There are a number of important species in 
cultivation. The South Indian mustard is a tali herbaceous 
branching annual growing to a height of 3 to 4 feet with thin 
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glaucous leaves and stems. The leaves ate of two kinds ; the tower 
ones are large, petiolate.jjad.pipQatifid w.ij&....a Jejaiinajjobe, while 
the upper IeaveTare small, sessile, lanceolate and toothed. The 
inflorescence is a long raceme ; the. flowers are both terminal and 
axillary, are yellow in colour, with petals four in number set 
cruciform. The fruit is a silique and is thin and cylindrical 
about an inch in length with a thin seedless beak at the end, 
The seeds, of which the pods contain from ten to twelve, are 
either black or white. The white mnstard plant (Brassica alba) 
differs in the shape of its upper leaves which are all petiolate. 
Tjeaves, stem and pods also differ in being hairy. The young 
leaves are eaten as a salad along with water cress and the seeds 
are ground up and form the mustard powder or paste used as a 
condiment at English tables. The Sarson (Brassica carnpestris) 
is also closely similar, has long pods about three inches in length, 
with numerous s ^ejlr)W_OT_brown seeds. The s a eds are largely 
made use of for extracting oiT,which is employed both as a 
cooking oil and as a lamp oil. 

Pests and Diseases. — The mustard crop is subject to attacks 
by the mustard sawfly {Athalia proximo, K.) The larvae of this 
hymenopterous wasp, which are green in colour when they hatch 
and change later to dark grey and black, feed on the leaves of the 
mustard and cause much injury. The> do not appear on any 
large scale ; the larvae can be controlled by hand picking in the 
early stages. If neglected at this time, spraying with stomach 
poisons will have to be resorted to. 

The m ustards are severely attacked by different kinds of 
mildews, which not only appear on and destroy the leaves but 
are seen on the flower heads and pods, in which they bring about 
curious malformations. Cystopus Candidas, Perenospora 
parasitica and Erysiphe pilygoni are all concerned more or less 
in these attacks. No remedy 1 measures are known which can 
be employed on a practical field scale. 

Chemical composition and uses. — Mustard seeds are used as 
a spice or condiment in Indian cookery, both in the raw state and 
fried. The seeds of various species yield oil from 25 to 35 per cent, 
which is used as an edible oil, as au unguent and as a lamp oil. 
The mustards have a biting and blistering effect on the skin and 
are used on this account for plasters and poultices in medicine. 
The blistering property is due to a volatile oil (which is also called 
mustard oil) winch is obtained from the seeds after they are 
ground up with water, allowed to ferment and then steam — 
distilled. The content of this oil is very small and ranges from 
i to | per cent of the weight of the seed. The oil is a thin, 
colourless or yellowish liquid, with e strong odour causing tears 
to flow. When brought into contact with the skin, it raises 
blisters. Chemically it is mainly made up of allyliso-tbiocyanate 
with very small and variable quantities of allyl-cyanide and 
carbon bi- sulphide. The substance called "mustard" gas", the 
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dreaded weapon of modem gas warfare, should not be confused 
•with any products from the mustard. It is not derived from 
mustard at all and is totally different in composition, being 
Dichior diethyl sulphide. 

The composition of the South Indian mustard is as below : — 
Moisture 8'5, proteins 22*0, Fats (ether extract) 39'6, carbo- 
hydrates 24'0, fibre 1'8, and mineral matter 4' 2 per cent 
(Aykroyd.) 



IX. ONIONS (Allium cepa). 

Vernacular names fob ONIONS : — Kannada-ERXjhLi ; Tamil- 

Vengai'AM, Ercjlli ; Ji;Z«ff»-U:LLiGAnDA, Nirolli; Malayalam- 

Chuvannatjlli ; Eindustani-VlhS, 

Distribution. — Onions are an important crop grown on a 
field scale, as well as a garden crop on a small scale. It is one 
of the few vegetable crop3 that can keep for a long time and cart 
stand the rough handling of transport by rail or road over long 
distances, without damage. For this reason like the potato it is 
a commercial article of considerable importance. Its cultivation 
is very widely distributed over the world over both the tropical 
and sub-tropical countries • the closely related species such as the 
leek and shallot are grown in colder latitudes also. The onion is 
grown throughout India, and in practically every other country 
of the world within these zones, and even further north where a 
period of about three months of warm summer weather prevails, 
In the United States of America, in the Western, Central and 
Southern States it is an important crop and in the Central and 
greater part of South America, in the West Indies, in Spain, 
Italy and the countries bordering the Mediterranean Sea, in most 
parts of Africa, in South and North Australia and through- 
out Southern Asia and the Bast Indian Islands it is cultivated 
and forms an important vegetable crop. The crop can be grown 
over a wide range of conditions from the sea level up to elevations 
of 6,000 feet, in the warm summer temperatures of the plains and 
in the cold weather down to temperature of 60°F. It is 
however not a crop which is suited to the tracts of heavy rainfall 
and in the cultivating season the rainfall should not exceed §0 
inches. It is therefore not suited to the Malnads aB a rainy 
season crop and can be grown in those tracts only after the rains 
have ceased, 

Soils.— Onions require good soils of the garden loam type, 
free from grit, stones and gravel and well situated for drainage. 
Both red loams and black rich garden soils, with sand predomi- 
nating are eminently suited. The crop is nevertheless grown on 
a vatiety of soils, including black c'ayey loams, and even what 
may be called clayey soils such as are found in the tank-fed rice 
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lands. In fact over large areas in the Kadur and Hassan taluks 
in Mysore these are the soils on which onions are grown. 
These soils are often rich in lime and many fields are even badly 
situated for drainage. The best crops are grown however 
in the red sandy loams and also on the somewhat clayey loams 
under well irrigation, where the soils are usually well worked 
and well-manured, 

Rotations.— Onions are grown almost exclusively as an irri- 
gated crop; the crop is one of short duration and takes from 
three to three and a half months to harvest. Moreover, onions 
can be grown both as a rainy season crop and a hot weather crop. 
All these circumstances permit of two or three crops being grown 
on the same land ; sometimes two crops of onions themselves are 
taken but more generally the selection is made out of a variety 
of other suitable rotation crops. Onions are also taken as a ' 
catch crop grown in the midst of long duration crops like sugar- 
cane and turmeric. During the first three or four months of > 
the growth of these latter crops, it is possible to grow a crop of£ 
onions in the interspaces between the young sugarcane crop, and! '-. 
harvest it by the time the rows begin to close up and the main' 
hoeing, manuring and earthing up are commenced. Sometimes 
onions may have to be gathered when not quite fully grown but 
the bulbs reach a moderately saleable size nevertheless. On the 
tank-fed rice lands of the black cotton soil type referred to, 
onions in the early season are followed by coriander or jola, in 
the late monsoon or the latter are grown in the early monsoon 
and the onions follow in the late monsoon ; early monsoon onions 
are also followed by Bengalgram. Bice or sugarcane may be 
grown in one year and be followed by onions and coriander, jola 
or Bengalgram in the next year. A crop of about 45 or 50 days, 
duration like French beans is sometimes taken in between these 
two crops making three crops in a year, on the same land, each 
grown by itself and not as a mixture. In the areas under 
well-irrigation many crops are grown in the rotation, two crops 
being almost always grown on the same land, if not three. 
Irrigated ragi and onions may follow each other, the former in 
the early monsoon and the latter in the late monsoon. Onions 
in the early season may be followed by maize and this by pota- 
toes in the late season. Chillies in the rainy season is followed by 
onions in the late season, or chrysanthemums can take place of 
the chillies in the rotation. Short duration ground-nuts, French 
beans and other vegetables are also rotated with onions as one of 
the two or three crops of the year. If the area is one where 
tank irrigation is available and well-irrigation is only supple- 
mentary, then a crop of rice is taken once in two or three years, 
one of the objects being to kill out the weeds which persist in 
garden cultivation. 

Onions are also grown very often with an admixture of 
garlic ; in that case the garlic crop is planted alongside the ridges 
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dividing the irrigation beds while the onions are grown in the 
beds or viae versa, depending upon which of thein is chosen as 
the main crop. 

Cultivation. — The cultivation of onions comprises two parts, 
viz , the cultivation for the sake of the (1) bulbs, and (2) the 
seeds. By far the largest bulk of the cultivation is for the sake 
of the bulbf, the edible article for which the onion is in demand. 
But these bulbs can be raised only from the true seed, or from 
seed bulbs obtained by planting the true seed. Onions have 
therefore to be cultivated for the sake of these seeds. The true 
onion seed does not retain its vitality for over a season and hence 
has to be fresh. It is therefore usually raised in or about the 
onion growing tracts and very often by the very persons who 
cnltivate onions for the bulbs, and who raise seed at least enough 
for themselves, but generally for sale also. 

Starting with these true seeds, a crop of bulbs is raised 
which is sold partly as bulbs for edible purposes and partly for 
seed purposes, that is, for planting as seed bulbs for raising a 
crop of large bulbs. These ripe and fall grown bulbs when 
planted again bear flowers and mature seed, forming true seeds 
again for the raising of bulbs. In some villages both these 
stages in the cultivation are carried out by growers but in others, 
growers confine themselves to the raising of large size bulbs 
which are used for direGt consumption, and purchase for this 
purpose seed bulbs raised from true seed. 

The planting of the onion crop takes place about the 
middle of May to the middle of June for the first crop and about 
the middle of November to the middle of December for the 
second crop. In both seasons both bulbs and fcrne seeds are 
raised by planting seed bulbs for the former and ripe bulbs for 
the latter. When bulbs are planted, a certain amonntof economy 
is practiced in some tracts by cutting the buibs into two across 
the middle and planting only the lower half, the upper half being 
used for edible purposes. 

The field for planting onions has to be thoroughly prepared, 
either by digging if on a small scale, to a depth of nioe inches or 
a foot, or by ploughing several times. Clods are broken, roots 
and weeds removed and the ground levelled. Cattle manure is 
applied at the rate often cartloads per acre and well worked in. 
Tbe field is now laid out into beds for irrigation. These are 
made small in some villages (4£' x If) or the beds are long 
narrow strips about six feet wide and divided by the irrigation 
channels. In these beds seed bulbs are planted at distances of 
4 to 5 inches apart each way. On some of the heavier types of 
black cotton soils the field is laid out into furrows and ridges of 
nine inches width, and the bulbs are planted on the ridges in 
three rows, two along the margin of the furrows in the slope 
and one along tbe centre of the ridge,' In the case of the long 
narrow strips, the seed bulbs are sown broadcast and covered by 
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a light ploughing. The beds are now watered. Subsequent 
irrigations are either by flooding or in some places by means of 
hand watering, Young shoots appear above ground in the 
course of ten days and then grow rapidly. The field is hoed and 
weeded once after three weeks and again alter a fortnight After 
the first hoeing more manure is given at the rate of another ten 
cartloads per acre. The fields are regularly watered as required, 
taking care to see that the moisture is not excessive. In some 
villages where cultivation is very careful and thorough, the rows 
of the onions are earthed up at the second hoeing and some 
little oil cake manuring at the rate of about 10 cwts. per acre 
is also given. In 3 to 3| months the crop becomes ready for 
harvest. The tops begin to wither and yellow and fall flat over 
the ground and a portion of the ripe bulbs also shows above 
ground. The bulbs are now dug up ; after cutting off the leafy 
tops and trimming, they are piled up aud kept covered with the 
leaves for a few days when they dry a little and become firm. 
They are either sold immediately or stored in large airy rooms, 
spread on the dry floor. 

In certain sections (such as in Hunsur taluk, Mysore) in the 
heavy black cotton soils which are highly retentive, onions are 
grown as a dry crop. Por raising seed bulbs the true seed is 
sown about the middle of May on fields well ploughed and well 
prepared. The, seed, is sawn broadcast thinly at the rate of about 
SO lbs. an acre. The crop is hand, weeded and thinned where 
ft is too tEicTand blank spaces filled in. About the beginning 
of August the crop is harvested and the small bulbs are either 
sold or more often used for planting. These bulbs are planted 
in separate fields kept prepared for the purpose in the beginning 
of September, that is, about a month after tbey were dug. 
They are planted in shallow furrows about four inches apart and 
three inches from each other in the furrows. The crop comes 
up with the help of the moisture stored up in the soil, supple- 
mented by rains, if any, though these rains seldom occur in this 
tract. The crop matures early in January. 

The above refers to the raising of onions by the planting of 
seed bulbs. A second method is to sow the real seed of the 
onions and raise either seed bulbs or large bulbs. Fox this 
purpose the field is prepared, laid out into beds in the same way 
as described already. The true seeds are sown broadcast in 
these beds and are. stirred in by means of hand hoes, so that the 
seeds are sown at a depth of an inch or an inch and a half, the 
seed rate being about 30 lbs. per acre. The beds are irrigated 
generally by hand instead of by flooding ; the seeds begin to 
sprout in about 10 days, and if weeds spring up within this time 
they are removed by a light weeding. Sowing is also done in 
lines about 4 inches apart and the seeds dropped at distances 
of 2 inches or less in the rows. Sowing in these lines makes 
subsequent weeding easy and renders thinning unnecessary. 
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When sown broadcast the plants come up very unevenly and 
have to be thinned out in some places and planted in other 
places where there may be blanks. With regular irrigation, the 
bulbs are fit to be moved in three months when they are 
harvested and used for edible or for seed purposes. 

Another method -which is very commonly practised in 
certain areas is that of tianspl anting one month old seedlings 
from a nursery raised from the true seed. For this purpose the 
true seed is sown in the same way as described above for raising 
seed bulbs, except that the sowing is somewhat thicker. One 
month old seedlings are caref ally lifted and transplanted into beds 
well-prepared and manured in the same manner and at a 
distance of 4 inches each way. These beds are given the usual 
hand weeding and hoeing and regular irrigations, The bulbs are 
ready to lift in about tbree months from transplanting. 

For the raising of the true seed, the method of cultivation 
is the same as for raising bulbs, with the important difference 
that large thoroughly matured bulbs are planted. These send 
up a flowering stalk, usually one but sometimes two, after about 
two months' growth, at the tip of which a large cluster or umbel 
of flowers is borne. These set and ripen seed in another six 
weeks, when the heads are harvested, the seeds well dried in the 
sun and preserved. In this method the same economy of catting 
the balbs into two across their middle and using only the lower 
half for planting is sometimes practised. About 800 to 1,000 ibs. 
of seed is obtained per acre, but usually crops are raised in only 
small areas of 1 /10 or 1/20 of an acre. 

Yield. — The yields of onion bulbs from seed sown crops will 
vary a great deal ; under good irrigated conditions and with 
proper manuring on good loamy soils about 15,QQp lbs. are 
expected per acre, one half or 7,00JP' lbs. per acre may be taken 
however as an ordinary yield. Where small seed bulbs are 
planted an yield of about five to ten fold may be expected. 
About 1,500 lbs. of small bulbs are often sown per acre and the 
yields may go up to 15,000 lbs. as a maximum and about one 
half of this quantity as an average. In the areas where it is 
grown as a rainfed crop, the yields seldom go higher than three 
or four fold. Freshly harvested onions lose, weight in 3torage, 
which may go up to '20 or 25 per cent depending upon its condition 
at harvest and the season of storage. 

Cold storage of onions. — Onions are stored for fairly long 
periods so that they can be sold when prices are higher than at 
the time oi the harvest. The storage consists merely in keeping 
them spread on the floor, on racks or in baskets in cool, well 
ventilated thatched sheds ou rooms. Frequent inspection and 
the removal of rotting bulbs and turning over . of the stored 
product are necessary, the loss due to rotting and driage is 
considerable and may go up to even 40 per cent, though with 
care it can be kept down to 15 per cent or 20 per eent. Another 
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source of loss is due to the sprouting of the bulba, Kept in cold 
storage these losses may be greatly minimised. Very low tempe- 
ratures are not necessary. Thus it was found iu cold storage 
experiments carried out in Poona that at 90 to 95 degrees F., 
the bulbs remained healthy even after six months of storage, did 
not sprout at all, formed no roots and lost weight by driage only to 
about 21 per cent. Comparative lots kept at low temperatures of 
32 degrees P., showed that both sprouting and root formation 
occurred, but that the loss due to driage was only 10 to 12 pe~ cent. 
The bulbs stored at the higher temperature of 90 to 95 degrees 
sprouted more readily after being taken out of storage than those 
kept at the low temperature of 32 degrees. 

Botany and Varieties. — The onion plant belongs to the 
natural order 'Liliaceae' and is distinguished botanically as Allium 
cepa. The onion itself is a 'bulb ' which is composed mainly of 
thick fleshy leaves enveloping and surmounting aflat disc-shaped 
' stem ', from the bottom of which spring the roots of the plant. 
In the interior of the bulb and springing from the centre of tbe 
disc is the small young shoot which eventually emerges and grows 
as the green leaves of the plant. These leaves are thick and 
fleshy, long and linear aad possess the same characteristic smell 
of the oniony which is specially noticeable when the leaf is bruised. 
The roots are fibrous and spring radially from the base of the 
stem and have a somewhat shallow/„r,ange- r ^ e 0U1DS are borne 
very close to the ground anct when maturing are generally 
partially visible above the ground. The mature onion sends out 
a flowering stalk which is straight, hollow and tapering towards 
the top where it bears a rounded cluster of flowers resembling an 
umbel. These flower stalks are sometimes cat and used, cooked 
as a vegetable, and have the same flavour and taste as the onion 
itself. For this purpose the stalks are cut before the flower head 
opens. Those flowers are sometimes also removed before they 
open or the stalks themselves twisted off or broken by trampliDg, 
in order to increase the size of the onion bulb underneath. The 
flowers which are bisexual, are inconspicuous except for the 
striking shape of flower head ; the stamens are six in number, 
the ovary is superior, formed of three carpels and the fruit is a 
three-celled capsule. The onion seed is black in colour, some- 
what triangular in shape, is small being about the size of a third 
of a pepper corn. The seeds also possess the characteristic odour 
of the onion which is perceived when they are squeezed between 
the fingers. The onion is a cross-fertilised plant and ' selfed ' 
flowers do not set seed, The flower heads sometimes bear"sm1TT" 
bulbs in the places where a flower is ordinarily formed, and these 
little bulbs are often preserved and used as planting matdriar. 
Some bulbs send out two flower heads, the second appearing 
after the capsules of the first are fully formed, The early appear- 
ing flower heads give seeds which are heavier and have higher 
germinating capacity than those from the later flower head, 
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There are several varieties grown in South India which are 
distinguished mostly by the difference in the size, colour and 
the strength of the flavour of the bulbs. There is firstly the 
large type called ' Yedugiri ' or ' Bellary * onion which is 
flesh coloured and attains a size of about three to four inches 
across. There is the large white variety called ' DImlia ' which 
is grown much in the Bombay Presidency and to some extent 
in the Northern and Western Districts of Mysore. This 
is almost of the same size as the Yedugiri or Bellary 
onions in good specimens but generally somewhat smaller. There 
are the medium kinds, both flesh coloured and white ; the former 
is the great commercial variety in Mysore grown largely in the 
Bangalore and Kolar Districts and extensively exported outside as 
far as Ceylon. These onions are about two inches across and 
strongly flavoured. The white variety of this type is grown only 
to a small extent and is often a rarity. There are again the. small 
sized onions of which two are recognized, one somewhat longish 
and the other globular and almost round. These are all very 
strong flavoured, they also have the habit of growing in bnncbes 
containing three or even four bulbs per plant. These are fancied 
for pickling and are called pickling onions; they are used in 
curries, boiled entire. In other countries very many varieties are 
recognised, which differ in size, colour and shape and keeping 
qualities, suitability to different conditions, and above all in the 
taste and flavour. la California, for example, as many as eighteen 
varieties are listed and grown. Plants in which the leaves, or 
bulbs or both bulb and leaves possess the onion flavour and are 
used in cookery for the sake of their flavour are the Shallot, 
Chives and the Welson onion. 

Pests and Diseases. — The onion is comparatively free from 
major pests of any kind. It is subject to the attack of thrips, 
which feed on the foliage, sucking the sap and lacerating the 
leaves. They are easily controlled by spraying with tobacco 
decoction. Crops with good cultivation, irrigation and manuring 
are not much affected. 

A leaf-eating caterpillar {Laphygma exigua, flf.) 
is sometimes found attacking the crop. The remedy 
consists in hand-picking the caterpillars and in pinching 
off the shoots when the caterpillar remains inside these tubular 
leaves. 

The onion is subject to a kind of rust, which appears as 
yellow rusty spots on the leaves, weakening the plants and greatly 
reducing the crop. Plants are sometimes killed out when the 
attack is serious or appears early. 

Chemical composition,- The characteristic odour of onions 
is due to its content of a volatile oil which possesses the pungent 
and persistent odour of onions and which is present to the extent 
of 0'046 percent in the whole plant. The oil is a dark brown 
mobile liquid, the principal constituents of which are two closely 
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allied disulphides. The bulbs have the following composi- 
tion. 



Variety 


Water 


Albuminoids 


Oil 


Carbohydrates 


Fibre 


Ash 


Large 
Small 


86-8 
. 84-4 


l-a 

1-8 


•0 i 11-6 
0-1 132 


018 
•0 


0'4 Aykroydl 
0'6 ( do 



X. GARLIC (Allium sativum). 

Vebnacxtlab names for GARLIC:— iTimwaia— Bellullt ; 
TamiZ— Vellaipundu, "Dlliptjndu, TefotffM— -Tellagadda, 
"Velluli ; Malayalam — Vellulli, Hindustani — Lasun. 

Garlic which is an important spice or condiment crop 
possessing at the same time valuable medicinal properties is 
grown throughout India. 

Soils and Rotation. — la respect of soils, climate, rotation and 
methods of cultivation garlic is very much like the onion crop, 
and in fact garlic is often grown in the same beds in which onions 
are grown, the latter occupying the margins of the beds with 
the garlic as the main crop. Garlic takes a longer period to 
mature than the onion and has to remain in the field for nearly 
five months. Unlike onions moreover it is grown mostly as a 
late season crop from the months of September-October 
onwards, and is planted in the early season only to a small 
extent. It is grown also only as an irrigated and not as a 
purely rainfed crop as onions are cultivated in many places. 
Well drained moderately clayey loams are the best soils for grow- 
ing garlic but the heavier soils of the black cotton type are also 
sometimes put under it. 

Garlic is grown under irrigation and a good irrigation 
source which can supply sufficient water for frequent and regnlar 
irrigation should therefore be available for its cultivation. It is 
grown as a garden crop on a small scale under well irrigation 
and on a field scale in tank-fed or channel-fed areas. The crop 
takes about* five months to mature and in Mysore it is grown 
both as a ' mungar ' or early season crop and as a ' hingar ' or 
late season crop. For the former the planting season is the 
early part of the month of May and for the latter the early part 
of October. It is generally rotated with irrigated ragi, chillies, 
maize, potatoes and beans, chrysanthemums and similar crops 
usually grown under well irrigation. Large areas are grown 
on black heavy clay loams and on soils of the black cotton soil 
type under tank irrigation (Hassan and Kadur Districts in 
Mysore). On these soils the garlic is sometimes grown in two 
seasons successively in the same year, and sometimes for two 
years in the same way, and followed in the second year, or in 
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the third -when two years have been devoted to garlic,^ by a crop 
of rice. Commonly however the garlic is grown only once in a year 
either in the early season or in the late season. In these -oases 
it is rotated with coriander, the pulses, hlackgrarn, greengram, 
Bengalgram, and the grain crop Bilijola. Once in two 
years at least a crop of rice is cultivated as part of the 
rotation. 

Cultivation. — The method of cultivation in these tank-fed 
areas is as follows : — The fields are ploughed twice, then worked 
with the bladed harrow to break the clods and bring up weeds 
and roots and stubble which are then gathered by hand or by a 
light harrow and burnt. Cattle manure at the rate of ten cart- 
loads an acre is spread and worked in with the bladed harrow 
and the field levelled with a levelling plank. The field is now 
laid out into long beds by ploughing a deep and wide furrow at 
distances four and a half to six feet apart. In the long beds so 
formed, the garlic is planted either regularly in shallow farrows or 
is sown broadcast and stirred in with a light harrow. 

The planting material is prepared by pulling the garlic 
bulb asunder and separating the little flatfish bulbs of which it 
is composed. The garlic bulbs as ordinarily seen are composite 
bulbs made up of several small flattish bulbs which are tightly 
covered over and held together by the whitish dry papery scales 
forming the lower portions of the leaves. This papery covering 
is pulled apart and removed to get at the little bulbs which form 
the planting material or seed bulbs. The composite bulbs are 
trampled under foot on hard ground and rubbed between the 
hands to remove the covering. The material is then winnowed 
a little to get rid of the bits oi the covering. Small and ill- deve- 
loped bulbs are Jdiacarded and only good ones are selected for 
seed. These seed bulbs are sometimes spoken of as ' cloves '. 
An acre requires generally about 250 to 300 lbs. of seed, in this 
method of cultivation. 

When planted in furrows, the furrows are made with a 
small hand rake or harrow, or by means of a small hand hoe, 
at distances of six inches from each other across the beds, 
and the ' cloves ' or bulbs are dropped about three or four inches 
from each other in these furrows and covered with the hand. 
In broadcast sowing, the bulbs are strewn by hand, and then 
covered by working the light bladed harrow, and furrows diyiding 
the beds are ploughed later on at distances of about 4} feet, 
water is then let in and the field flooded. In about three days 
thereafter when the surface of the field is fairly dry, the levelling 
board is drawn over the field to press the soil firmly over and 
around the seed bulbs. At the same time any seed bulbs which 
are showing above ground are pressed into the mud. This 
same work is sometimes accomplished by people trampling in 
the beds and pressing the extra bulbs showing aboveground into 
the mud. The field is now given another irrigation and once 
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in fifteen days thereafter the field is irrigated. After the 
bulbs have" all germinated, the uneven stand is rectified by 
thinning out crowded patches and transplanting in sparsely 
sown areas. Two hand weedinga are given during the first two 
months, at the end of which period the bulbs begin to swell. 
From this time watering is given once a week or ten days. At 
the first hand weeding a light top-dressing with artificial 
manures at the rate of one cwt. of sulphate of ammonia mixed 
with the same quantity of superphosphate of lime can be given 
with advantage. In about 120 days the crop begins to mature, 
the leaves begin to yellow and even the bulbs begin to appear 
slightly above ground. Very often the plants send up a flower, 
ing stalk, these stalks bear both flowers and a number of little 
' bulbils ' as in the case of tbe aloes. Although the bulbs do not 
become spoiled on this account, the crop shculd be harvested. 
The field is irrigated a few days before the harvesting in order 
to soften the soil and to make harvesting without damaging the 
bulbs easy. Harvesting is by digging out the plants with the 
bulbs intact. After the crop is dug out, it is washed to free the 
bulb from adhering earth and tied together in small bunches by 
their tops or leaves, and then put out to dry in small heaps, on 
the fields for a few days. They are now trimmed by cutting off 
their tops and much of the roots and are taken indoors where 
they are thinly spread to dry. Instead of leaving the untrirn- 
med plants in field heaps, the bundles may be taken indoors and 
hung from over-head poles or from the ceiling in the house until 
they are quite dry. The trimming and cleaning may be done 
prior to taking out the produce to the market. 

"When the crop is cultivated under well-irrigation, the soil 
is prepared by deep digging ; it is heavily' manured, sand or 
tank silt is carted according to the nature of the soil and the 
bulbs are planted closer in carefully made irrigation beds, with- 
out wasting much space. The seed rate is much higher and is 
about 500 lbs. per acre. 

Yield. — The yields of garlic are generally low as cultivated 
in the tank -fed areas referred to; an ordinary yield is only about 
1,500 lbs. per acre, and a good yield may go up to 2,500 lbs. 
per acre. Where two garlic crops are raised in the same land 
in oue and the same year, the total yield may not go higher than 
2,500 lbs. for the two crops together. The early season crop 
gives (i.e., the first crop) about 1,500 lbs., and the second or 
the late season crop gives only about 1,000 lbs. . In garden 
cultivation under well-irrigation, the yields are much higher and 
go up to 7,000 lbs. per acre. Though these are the yields 
usually obtained in the Mysore State, elsewhere, as in the Bombay 
Presidency, the yields are very much higher and so is the seed 
rate. About 700 lbs. of seed bulbs are sown per acre and 
yields of 8,000 to 10,000" lbs. are obtained. As a rough esti- 
mate, the yield expected is about ten times the quantity of the 
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seed sown, higher yields than this being obtained with better 
soils, cultivation and heavier manuring. 

Botany and Varieties. — The garlic — Allium sativum— be- 
longs to the natural order ' Liliaceae ' and is closely allied to the 
onion. The aboveground portion of tbe plant is only the leaf 
shoots.; the real stem is a flatfish disc inside and at the base of 
the garlic 'bulb' from which roots emerge below and scale-like 
leaves above, in the axils of which are borne the little bulbs 
or 'cloves* making up the garlic bulbs which are therefore com- 
pound bulbs. The leaves are long, linear and fiat, bluish green 
in colour, springing from the cloves or little bulbs which are 
really tubers or swollen stems. The roots are fibrous, traversing 
generally to a depth less than a foot and radially about nine 
inches. The garlic sends out a flowering stem which bears at 
the top an umbel of flowers and dimunitive bulbs (or bulbils). 
The scape is slender and the spathes long beaked. The flowers 
are small and inconspicuous ; the sepals are greenish white, 
slightly tinged purple and lanceolate; the stamens are not 
exserted from the perianth and the teeth of the inner stamens 
are not longer than those in the centre which bear the anthers. 
The stamens are six in number, the ovary superior and three- 
celled. The seeds are small, black and with flattish compressed 
sides. 

No distinct varieties are cultivated. A distinction is however 
made between large and small bulbed kinds, the kind grown in 
Mysore being considered larger thaa the one cultivated in the 
plains. It cannot be stated definitely if these are distinct 
varieties. 

Pesfs and Diseases. — There are very few pests and diseases 
attacking garlic. The Thrips (Thrips tabaci, L) which attack 
onions also attack garlic and sometimes cause serious damage. 
They lacerate and puncture the leaves sucking the sap and 
weakening the plants. The pest can be controlled by dusting 
with tobacco dust or spraying with tobacco decoction. 

The mildew — Oi&iopsiz taurica (Liv.) Safm-Erysiphe , 
taurica Lev. — which attacks chillies and brinjats also attacks 
garlic. The attacked" plants are greatly weakened by the leaves 
drying up. This fungus unlike other forms of mildew ia favoured 
by warm or dry weather. It is also more deep seated and can- 
not be treated by sulphur dusting or spraying with potassium 
sulphide solution, as in the other forms of mildew. Bordeaux 
mixture spraying will however prevent the fungus spreading 
to healthy leaves and plants. 

Garlic is also subject to another fungus disease— A Iternaria 
palwidi— which is sometimes very serious. Spraying with 
Bordeaux mixture will however keep down the disease. 

Chemical composition and uses.— The garlic is used as a 
condiment or spice and to an equal extent as an medicinal article. 
Its use as a condiment is itself, as a matter of fact, due to its 
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medicinal properties. These are said to comprise digestive, 
carminative, and anti -rheumatic properties; as atonic for the 
lungs, for healing intestinal ulcers, as an important specific for 
the disorders resulting from child birth, as a specific in sore eyes, 
for musctxlar pains, giddiness and a number of other ailments 
it is a popular household remedy. 

The garlic owes its peculiar odour to the presence oE a 
volatile oil, of which the whole plant when distilled yields about 
O'OOS to 0'009 per cent ; the oil is a compound consisting of 
carbon, hydrogen and sulphur. 

The bulb has the following chemical composition : — 



Water 


Albuminoids (Carbohydrates Eat 


Grade 
fibre 


Ash 


Remarks 


64'0 
G3"0 
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26 "3 
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0'06 
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077 l-44(O.Webn»er) 
0'80 [1-00 (Aykroyd). 



SECTION VII. 

FIBRE CROPS 

i. COTTON 

VebnacuiiAB names foe COTTON; Kanmda— Hathi ; 

Tamil — PariJTBI ; Tehuju — PaKIHI ; Malayalam—PAliVim ; 

Hindustani-KAPPAS, Bui. 

The cotton crop is grown for the sake of its fibre, and it 
supplies the most important primary requirement of mankind 
next to food, viz., raiment. It is the eldest among the 
commercial crops of the world and its cultivation has always 
connoted a high degree of civilisation when the arts of spinning 
and weaving were known and practised. Though its use as 
clothing for mankind is the chief purpose for which it is cultivated, 
cotton is used for a number of other purposes as well both in the 
shape of fabrics in which it is used by itself or in mixture with 
other fibres and in the shape of industrial products. Consequent 
upon the large over-production in recent years and a shrinkage 
of the demand in the accustomed channels, the use of cotton for 
many other purposes has been greatly stimulated. Cotton may- 
be said to be the most extensively grown commercial crop of the 
world. 

Distribution, Climate. — Cotton is essentially a tropical crop 
but its cultivation is carried on successfully over many parts of 
the world, far removed from the tropics. The limits of cultivation 
may be said to be the 30th or even the 40th latitude, on both 
sides of the equator. Thus India, China, Iran, Iraq, Southern 
Turkestan and Russia, Asia Minor, Egypt and the greater part 
of the African continent, the Southern States of the U. S. A., 
Central America and Mexico, Brazil, the West Indies, Australia 
and the South Sea Islands are all countries where cotton is 
cultivated. It is estimated that 65 per cent of the world's supply 
comes from the U. S. A., some 15 per cent from India, 6| per 
cent from Egypt, 4% per cent from Russia and the remainder 
from the other parts of the cotton growing world. Cotton is 
grown either at sea level or at moderate elevations not exceeding 
about 3,000 feet. Its cultivation is largely confined to flat open 
country, and rough hilly tracts and high altitudes are not suited. 
In the latter sort of country it can be grown only where the 
prevailing climate is almost tropical during the growing period 
of the crop, with the temperature not going lower than about 70° ; 
higher temperatures are very favourable and the uppet limit may 
go up at any rate during the picking season to about 105°. The 
cotton crop cannot stand anything but a moderate rainfall. 
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Rainfall exceeding about 35 inches should be considered not 
favourable for cotton. On the other hand it can be grown even 
under conditions of low rainfall, provided the soils are retentive, 
and, if irrigation is available, even under conditions of very low 
rainfall. The lower limit of rainfall for a purely rainfed cotton 
will be about 20 inches. On the black cotton soils and with the 
varieties usually grown on these soils it is remarkable that hardly 
any rain is needed during most of the growing period of the 
crop. Once very good rains have been received prior to the sowing 
of the crop, the soil well soaked to a good depth and the crop has 
had a good start, then it can grow and mature a fairly normal 
crop without any further rainfall, depending solely upon the 
moisture stored in this type of soil. On the red soils a better 
rainfall will be required which should be also well distributed 
over the crop season. To this type of soil and for the shallow — 
rooted varieties usually grown on them, a rainfall of at least 20 
inches will be required in the growing season. Cotton is grown 
both as a dry crop and as an irrigated crop. 

Soils. — The typical soil on which cotton is-largely grown in 
India is called the ' black cotton soil '. This kind of soil occupies 
lacge stretches of flat open country often for many square miles 
in extent and this situation is such as to make one tb'mk that it 
may be the sediment of immense lake bottoms wlrch may have 
gone dry ages ago. The water holding capacity of these soils is 
great and they are exceedingly retentive of moisture also. The 
soils are black in colour varying from those with a tinge of slight 
ashinesfi about them to those tbafc are deep black. They are very 
clayey in texture in the sense that when wet they become 
very sticky ; walkimi or driving on these soils after a rain is very 
inconvenient as with every step or every turn of the cart wheel 
large masses of the wet mud stick to the feet or the wheel. 
When they dry they are however quite different Jrom typical 
clays, because unlike clays which set hard under such circums- 
tances, this type of soil crumbles to powder ; in fact the top soil 
is loose and is often in sufficiently good tilth to permit of 
sowing. Like clays rnorever they shrink in volume when they 
dry ; the surface cracks in the hot weather and these cracks 
extend deep and wide, especially if the soil is one of much depth. 
They are also characterised by the presence in thern of small 
nodules of limestone, to which the name 'kankar' is applied. These 
limestone pieces may be small rounded ones or thin finger-like 
masses three or four inches long. This lime content is indeed 
very characteristic and marks them off sharply from the red and 
light red soils and other ordinary soils, even though these latter 
may be black in colour. The lime content may go up so high 
in certain stretches of the black cotton soil tract as to make 
them marly and practically unlit for cultivation. Black cotton 
soils are esteemed very fertile and with increasing depth their 
value is enhanced. In depth they may vary from a foot or 18 
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inches up to eVen 10 feet, the whole mass being almost uniform 
in character. They are underlaid not by any single particular 
type of rock but by a variety of them, such as decomposing 
gneisses and granites, quartzites and chlorite schists and they 
may adjoin highly decaying rock masses crumbling loose with 
pegmatite crystals and felspars. A low rainfall is generally 
characteristic of the Hack cotton soil tracts as well as high 
atmospheric temperatures, and during summer she heat from 
radiation in the tract Is great, all of which are conditions 
which may be described as arid. Their mode of origin and 
the nature of the constituents which give them their typical 
black colour are not well established. Their content of 
organic matter as represented by the loss on ignition is some- 
what higher than in red soils and to this the colour partially at 
least is to be attributed. Many of them contain titaniferous 
magnetite particles which may also to some extent account for the 
colour. The iron too is suspected to exist in some form of organic 
or other unknown form of combination, which may impart a 
black colour to the soil. This black colour is apparently a stable 
condition ; nowhere have instances been seen of any reduction or 
change in the depth of colour due to weathering agencies. It is 
thought by some that red soils themselves have, as the result 
of very moist conditions or submergence, been transformed into 
black soils or that the latter have been formed under these con- 
ditions without the intermediate formation of red soils. It seems 
however probable that the two are derived fr.ma rocks of different 
composition, although of the same group such as granite and 
gneiss. The black cotton soils are prob.ibly derived from 
calcareous felspars while the red soils are derived from potash 
felspars. The concretions of limestones of different sizes and 
shapes are probably due to the material dissolved out by water 
containing carbonic acid and retained in the soil under the semi- 
arid conditions prevailing in such tracts with no heavy rains to 
reduce the quantity by leaching. Vast stretches of black cotton 
soils characterise the Deccan trap regions in West Central India, 
being obviously derived from that easily crumbling and weathering 
type of rock. The composition of the black cotton soil is not 
always uniform, but the following may be taken as a typical 
specimen: — 

Insoluble residue — 79; Iron and Alumina. (Fe^, AI2O3)— 10; 
Lime and Magnesia (CaO, MgO) — 5"5; Potash (K 2 0)~ 0*5— 
Phosphoric Acid (P 2 0s) — "05 ; Nitrogen — '04. 

Cotton is also grown largely on other types of soils, such as 
red, light red, and ashy coloured loams; gravelly, stony or sandy 
soils are avoided ; loams are usually of the lighter and well- 
drained type and not clayey and likely to become too wet, 
Alkalinity and insufficient drainage are very harmful and cause 
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not only poor growth of the plants "but also leaf and boll-shedding 
even in well-grown crops. 

There is a somewhat sharp distinction in regard to the kinds 
of cotton that can be and are generally grown on these two broad 
classes of soils, vis., the black cotton soil arid the red and light 
coloured soils. The indigenous or ' Asiatic ' cottons are grown 
almost exclusively on the black cotton soils. The cotton called 
' Hoseurn ' is however an exception and is grown on a variety of 
soils, including even coarse, stony and gravelly red soils. The 
' New World ' cottons represented by the 'hirsutum ' types are 
grown on the red soils and the soils other than the black cotton 
type. Black cotton soils are not avoided but the crops on such 
sods are generally uncertain and poor, although in favorable 
seasons very good crops are obtained. The ' New World ' cottons 
are extensively grown under irrigation and for this purpose only 
the soils other than the black cotton soils are selected ; the bad 
effect of irrigation due to lack of drainage and a too close soil 
structure become accentuated on, the latter type of soils which 
are hence generally avoided. The 'New World' cottons are thus 
grown on both kinds of soils when grown as rainfed crops but 
under irrigation mostly on the red and light red soils only. 

Uotations. — The rotation for cotton differs according as it is 
grown on the black cotton soil or on red soils and in the former 
case according to the extent and distribution of the rainfall and 
to the variety of the cotton grown. If the rainfall is distributed 
over both the monsoons the extraodinary fertility of the black 
cotton soil allows of a wide variety of crops being grown and 
also of the taking* of two crops in the year, one in the S. W. 
Monsoon and other in the N. E. Monsoon. It on the other 
hand the rainfall is low and is confined to the N, B. Monsoon 
as is the case in many black cotton soil tracts, then only one 
crop can be grown in the year. In the former case the crops 
that are generally grown on the black cotton soils are cotton, 
jola, groundnuts, tobacco, chillies and even ragi as the main crops 
and where two crops are grown, the second crop may be one out 
of a large variety such as, blackgram, green gram* Bengal gram, 
' gingelli,' wheat, ' bilijola,' coriander, etc. When the main crops 
are grown they are the only ones of the year and no second 
crop is grown. In this case the rotation generally is, cotton in 
the first year and jola in the second. The stretch under cotton 
ih in recent years largely divided between cotton and ground- 
nuts, the latter of the short duration Spanish and Small Japan 
varieties. Depending upon the market for either crop the areas ' 
under the two are suitably apportioned, so that either the orfe or 
the other occupies the larger area. Although as the important 
food crop of these tracts, which at the same time furnishes 
abundant fodder for stock, jola continues to be grown on half the 
extent of the holding, still when the prices rule high for cotton 
and groundnut, then these may be grown on larger areas at the 
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expense of the area normally under jola. The short season 
groundnuts are followed by horsegram in the same year ; the 
horsegratn in this case is drilled between the rows of groundnuts 
about a month prior to the harvest of the groundnuts. Small 
areas are devoted to tobacco and to chillies as the main crops of 
the year in the cotton or groundnut stretch, and in certain 
sections of the black soil tracts these assume considerable impor- 
tance and the areas under them may occupy several acres of a 
man's holding without however reducing the area under jola. 
Where the raising of two crops is possible then one or more of 
the crops blackgram, greengram, gingelli or coriander are 
grown as the early season crop. All these are short duration 
crops and are harvested in time for a second crop to be raised in 
the N, E. Monsoon. The latter comprise Bengal gram, wheat, 
'bilijola', and coriander. Bengalgrara follows only a nun- pulse 
crop such as 'gingelli' or coriander, wheat and 'bilijola' follow any 
one of the above crops whether pulse or non-pulse, and the 
coriander follows any crop other than itself, when raised as a 
first crop. 

In the regions where the rainfall is mainly in the N. E. 
monsoon only one crop is grown in the year and the rotation 
is, cotton (indigenous) followed by 'bilijola*. The 'bilijola' is the 
type of jola which is early maturing and giving good jields of 
both fodder and grain ; the fodder can be used both as green 
fodder and as dry fodder. The variety of cot' on grown in this 
season is only the indigenous cotton and not the New World 
cotton — 'doddahatti' or Dharwar American. Where the season is 
too late for cotton on account of the rains being late, then cotton 
is omitted altogether and 'bilijola' alone is grown, even though the 
previous year's crop may have been 'bilijola'. Beogaigram is a 
crop of this monsoon and part of the area may be cultivated with 
this pulse. A common rotation in South India is jola-cotton- 
'sajje' (called' 'cumbu' in Tamil). The jola is grown for fodder and 
'sajje' is the food crop. It has been observed in regard to this 
rotation that the cotton crop following jola is somewhat adversely 
affected and that the yield is much less than when cotton follows 
' sajje ', The adverse effect can however be prevented or reduced 
materially if the jola is cut at the short blade stage and thus not 
allowed to mature grain. In Mysore the cotton-jola rotation is 
the recognised and most common rotation and no such harmful 
effect is complained of. The jola grown is however not the 
fodder variety of jola but a grain type. 

The grain crops of the black cotton soil tracts are jola, 
f n&,yane ' and ^sajje' ; ragi is also grown but to an insignificant 
extent. In Mysore jola and 'navane' are the grains par- 
excellence on these soils. In addition to the rotation of crops 
there is the practice universal in Mysore of raising many 
dry land crops as mixed crops ; with jola as the main erop.,'togare',, 
and a number of other minor crops are raised as mixtures. 
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Likewise with ragi as the main crop on red soils 'avare', 'togare', 
fodder join-, etc., are raised as mixtures. These are all dealt with 
separately under the respective crops. la the case of cotton, 
the mixed crop of grain is 'navane'. Of this, five rows or some- 
times three rows alternate with one row of cotton. In the case 
of late sown cotton this mixture is invariab/y practised, and if 
sown a little earlier then the cotton is sown pure or mixed with 
'navane'. The latter matures in about three months and imme- 
diately after it is harvested, the space occupied by it is ploughed 
up or worked with a bladed hoe ; this operation helps the cotton 
crop to make vigorous growth. This kind of mixtare is adopted 
only in the case of the indigenous cotton (sannahatfci) and not 
with the New World types. In the case of the 'nadam' 
cotton (G-. obtusifolium), the grain crops 'sajje', jola and the pulse 
crop borsegram are used for growing as mixed crops. 

In some cases the cotton is left over to ratoon in the follow- 
ing year, so that it occupies the ground for two years, instead 
of one year which is the usual practice. The plants are cut down 
low before ihe rains commence and completely new growth started 
or they are left alone and only new branching encouraged. 
The interspaces between the rows are ploughed or hoed. There 
is considerable saving both in time and expense and the crop is 
able to take advantage of the early rains and give almost a 
normal yield. It is adopted both by cultivators who own large 
areas with whom thorough cultivation of all the land may 
not be possible in time and by the thriftless ones who 
neglect cultivation In the case of ' nadam ' cotton the 
plants are allowed to stand for three years, jola-cotfcon- 
Bengalgram being the rotation. This cotton does not make 
sufficient growth in the firs!; yeartogive a crop and is therefore 
left over for an additional two years ; in the second year a nor- 
mal crop is obtained and in the third year a somewhat smaller 
crop. 

The ' New World ' cottons are grown pure, whether they 
are grown as dry crops or as is more often the case, as irrigated 
crops. In the former case, if they are grown on red soils, they 
follow a crop of ragi, usually of the early type called ' kar ' ragi. 
In the case of this early ragi, it is possible to plough the field 
after it is harvested ; it is therefore left in a ploughed condition 
after harvest and with the early rains oh the following year the 
field is further ploughed and cultivated and sown with this 
cotton. Elsewhere they follow the main season ragi ; on these 
soils this cotton may be rotated with other crops like castor also. 
When grown under irrigation they partake of the nature of 
garden crops and a variety of crops enter into the rotation. 
Thus in some sections jyggarcane, cotton, rice and Bengalgram 
form the rotation, if the soil is of the heavy type, somewhat like 
the black cotton soil. In other kinds "of soils cotton, rice, 
or irrigated ragi, and tobacco are grown in rotation. Sugarcane, 
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joist, turmeric, chillies, groundnuts are other crops, one or other 
of which can be rotated with cotton and are indeed very well 
suited for this purpose. 

Preparation of the soil. — The preparation of the field for 
sowing cotton on the black cotton soil and for the subsequent 
cultural operations is peculiar and presents many interesting 
features especially in regard to the implements used. Firstly, 
for instance, the surface of the black cotton soil is generally 
more or less like n powdery crumbled mass somewhat similat to 
the condition which a shallow plough or cultivating tool will 
produce, A light stirring up of the surface is sufficient to pro- 
duce a moderately goad tilth for sowing and such stirring up is 
easy and rapid with the peculiar implements in use for the pur- 
pose, viz., the bl.aded harrow or hoe called ' dodda kunte '. 
Secondly, the black cotton soil affords favourable conditions for 
the growth of deep rooted weeds, the chief among which is the 
grass, called 'garike' or 'hariali' (Cynodon dactylon) in Kannada. 
This grass is deemed very harmful to the cotton crop and is at 
the same time difficult and expensive to get rid of. Deep digging 
by hand tools or ploughing with specially deep-ploughing heavy 
ploughs is necessary, and this operation is carried out at inter- 
vals of three to six years depending upon the extent to which 
the weed has spread. Not more than a small extent of ground, 
often less than an acre, can he managed in any one year if the 
field has to be dug and the work is therefore carried out in a 
kind of rotation, over the three or more hlock3 into which the 
holding may be divided for this purpose. Even if deep ploughing 
is resorted to instead of digging, not more than a few acres can 
be managed and then also the different fields have to be worked in 
rotation. Thirdly, the black cotton soil becomes very sticky when 
wet and the digging, ploughing or deep harrowing has to be 
carried out only when the soil is comparatively dry during 
the hot weather. This makes the work still more difficult, 
Fourthly, the farming on the black cotton soils is generally 
' extensive '; holdings and fields are much larger than in the red 
soil tracts and methods and implements are designed to enable 
the cultivator to work the holding with very much less bullock 
and manual labour than would be possible on a red soil holding. 

Implements.-~The tillage implements common in the blaek 
cotton soil tracts are (1) country ploughs of a somewhat larger 
size than are used in the red soil tracts, which require a pair of 
really large bullocks to work. Improved, i.e., tuouldboard 
ploughs of iron are now taking the place of these wooden 
ploughs, (2) Very heavy and large wooden ploughs which are 
used for the special hot weather ploughing for the removal of 
the ' hariali ' grass. jjarge iron monldboard ploughs have 
replaced these in many villages and a large number is now in 
use throughout the cotton country. The iron ploughs^ used for 
this purpose in the earlier years were ploughs with fised 
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mouldboards, but at present the ploughs are mostly of the 
turn-wrest type, in which the moulcUxiard i-s set alternately 
right and left with every turn of the plough. The heavy- 
ploughs whether of wood or iron are worked with four to 
six pairs of bullocks and will plough the soil about 
9 inches deep or, if the measurement is made from the crown of 
the clods to the bottom of the furrow, about double this depth. 
(3) Bladed harrows of various sizes. These bladed harrows 
called 'Kuntes' in Kannada and ' Guntakas ' in Telugu are all 
made in one general pattern. The body of the implement is a 
log of wood roughly octagonal in section, with the length varying 
according to the different sizes, and the working part is a heavy 
blade of iron about 3 to 4 inches in width and varying in leDgth 
in the different sizes from 6 feet down to 9 inches. The blade is 
attached to the body of the implement by means of two stout 
wooden pegs one at either end so that the arrangement resemb- 
les roughly a rectangle with the blade and body forming the 
two opposite sides. The attachment of the pegs to the body and 
that of the blade to the pegs is such that when the implement is 
worked, the pegs and the blade make a very broad angle with 
the ground almost to the extent of lying flat. The depth of 
working can be changed by making this angle less broad. When 
at work the blade moves forward cutting under the clods and 
soil crust and severing the underground parts of the weeds. The 
implement is provided with a handle and a pair of yoke poles at 
the end of which the yoke is tied. In the heavy ' kunte ' the 
body is large and may be about a foot across ; in the lighter ones 
about 6" across and the still smaller ones about 4" across. The 
different 'kuntes ' are known by the following names in Mysore : — 
(a) the 'doddakunte' or ' Heggunfce', the heaviest type, with blade 
about 4 inches wide and about 22 or 24 inches long, which is 
also the width of the ground it works at every journey ; {b) the 
'ba'u kunte ', a much lighter and broader implement, with body 
about 3 to 4 feet long and a blade about three to four feet long 
and 3 inches in width. This works a space of about 4 feet in 
width (there are also types which work up to six feet in width) 
and serves different purposes such as harrowing, levelling, 
pulling out weeds, covering seeds, etc. It is much easier 
working and lighter than the ' doddakunte' ; (c) the ' yede kuntes '; 
these are small implements, in which the blade is about 9 
inches long and are intended to work between the rows of crops. 
' 1'ede kuntes ' with different lengths of blade up to 18" are 
made, to suit the different distances at which the rows of 
different crops may be sown. These are so light that two to 
four such kuntes are attached to one yoke and pulled by one pair 
of bullocks, each, however, being in charge one of man; (d) the 
levelling board, which is a heavy log of wood about six to seven 
feet long, either solid or hollow with a semicircular or trape- 
zoidal section and drawn with the hollow face downwards. This 
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is used for crushing clods, levelling and compacting the loose soil 
both before and after sowing ; (e) the see-d-drills, with tynes 
varying from three to five are also used sometimes far fight 
tillage work, such as for light harrowing and stirring of the soil, 
for making lines or rows for sowing, etc. When the drills are 
used for such tillage work, the seed bowl and the sowing or seed 
tubes are both removed. 

In the typical black cotton soil tracts such as Chitaldrug and 
eastern Shirnoga, some 25 to 30 acres are farmed with only pair 
of good bullocks ; the equipment by way of implements for a 
holding 50 or 60 acres in extent will be the following; — 
One 'doddakunte,' two lighter kuntes or 'balukuntes,' one heavy 
plough, two ordinary ploughs, one seed-drill with two tynes, one 
seed-drill with three tynes, eight ' yede kuntes ' (or interculturing 
kuntes), two specially long yokes for these 'yede kuntes,' one light 
yoke for the drill, two yokes for the ploughs, one heavy yoke for 
the 'doddakunte,' one cart for manure and produce and one 
specially large cart with heavy wheels for carting jola stalks. 

Soivijig Seasons. — The main season for the sowing of cotton 
extends from about the middle of July to the end of October, 
In the regions of early rainfall such as those called ' kar ragi ' 
tracts in Mysore, the sowing season is much earlier and begins 
from the middle of May, In this season only the ' doddahatti ' 
or Dharwar-American cotton is sown. As the cotton is ready 
to pick from about four months after sowing, the rains of the 
year come practically to an end when the cotton is sown in the 
usual season, viz., from July onwards. Bright sunny weather 
prevails which is ideal for picking. As the hot weather sets in, 
the bolls mature and open more rapidly, so that a large number 
of bolls is ready to pick at the same time, and the expense 
of carrying out a number of pickings greatly reduced. 

In the case of earlier sowings, picking is also early and 
commences before the rains have quite stopped; the cotton is 
often spoiled, on account of any rain that may be received at this 
time, the cotton becomes wet and also splashed over with the 
black mud from the. soil especially the lower bolls. 

The earliest cotton to be sown is the Dharwar- American 
or 'doddahatti', which in the early rain tracts is sown about the 
middle of May, and in the main season in the month of June to 
July. The indigenous cotton is sown later, beginning 
from the first week of August and extending up .to the end of 
September. Irrigated cottons like Cambodia cotton and other 
New World cottons are sown in the month of October. An 
innovation has however been started of sowing cotton of the 
New World types in the month of February and it is claimed 
that the yield, from such sowing is better and that disease does 
not appear. As the picking season in this case will begin about 
the month of July, the risk of the opening bolls being spoiled by 
the heavy S. W. monsoon and of the cotton being blown down 
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by the high winds is great, and this is especially so in these 
types, because the cotton is held very loosely in the open bolls 
and can even be shaken down. There is also the question of 
insect pests, especially the caterpillars and grasshoppers on the 
young crop, which ate both very severe^abont the beginning of 
the rains. 

Preparing the Seed Bed. — The field for the sowing of cotton 
after jola is prepared by first working the ' doddakunte ' on the 
field; this uproots the jola stubble which is all collected and 
burnt. After a good shower of rain and the drying of the 
ground somewhat so that it can take the plough, the field is 
ploughed with an ordinary plough, either with a country wooden 
plough or an ordinary sized iron plough. The field is now left 
in large clods, which are later broken by working the ' dodda- 
kunte' once again. The levelling board which is also somewhat 
of a clod crusher is worked next ; this pulverises the soil further. 
Cattle manure is now spread bat the practice of manuring cotton 
is not common ; the manure is usually applied to the preceding 
crop of jola. It is however desirable that cotton should be 
manured and especially so when the mixed grain crop ' navane' is 
grown along with i\ Tne irrigated cottons are however heavily 
manured as in the case of garden crops. The manure applied 
to dry land cotton is about five cartloads of cattle manure per 
acre. After the manure is spread the light kunfce called ' balu- 
kunte' is worked, which harrows the field and mixes the manure 
with the soil. The field is now ready for sowing. The seed 
rate for the indigenous cotton is 10 lbs. an acre when it is sown 
pure and about 7 lbs. an acre when it is sown with a mixed crop 
'navane.' The ' doddahatti ' is always sown pure and at the rate 
of 7 lbs. an acre. 

Treatment of Seed for Soioing. — Cotbon seed hag to be 
prepared for sowing by some kind of treatment which will make 
the individual seeds run free and loose, and not cling together 
as they do if they are not so treated. On account of the fuzz on 
them, the untreated seeds adhere together and sowing becomes 
difficult. The local cotton ' sannakatti ' has much less fuzz on it 
than Dharwar-American and Cambodia but all have to be 
treated nevertheless. The treatment consists in rubbing up the 
seeds with a paste made up of moist earth and cowdung, when 
the fuzz on each individual seed becomes pasted on to the seed 
itself and the seeds no longer cling together ; with a little drying 
in the shade the seed is ready for sowing. This simple method 
is found quite efficient. In foreign countries and in large 
scale farming, the seed is treated with a paste made of 
maize or rice starch, and is put into a large barrel or drum along 
with the paste and rotated like a butter churn, The fuzz on the 
seed becomes pasted over to the seed in the same way as in the 
other method, bringing the seed into a fit condition for sowing. 
Instead of this mechanical method, chemical methods are also 
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recommended which have the effect of dissolving or burning off 
the fuzz, without detriment however to the germinating capa- 
city of the seed. The chemicals used are strong sulphuric acid 
which chars or burns the fuzz and chloride of zinc which 
dissolves the fuzz Commercial strong sulphuric acid is used 
and the seeds are treated for two minutes in the acid, removed 
and then washed free of acid. In the case of the chloride of 
zinc, the seedshave to remain immersed for ten to fifteen minutes 
in the solution ; it has been found that the treatment not only 
removes the fuzz but also improves the germinating capacity of 
the seed and that plants from treated seed grow more vigorously 
than those from untreated seeds. 

Quickness of germination is greatly to be desired and a 
soaking of the seed in water over night prior to the ordinary 
treatment with cowdung paste hastens the germination; varieties 
which sometimes fail to germinate if sown dry will germinate 
with great ease after this preliminary soaking. The maximum 
amount of soaking is 36 hours, beyond which soaking reduces 
the germination. A soaking for 24 hours should be enough to 
give satisfactory results. The Dharwar-Arnerican and Cambodia 
cottons do not succeed on black cotton soils as they do on red 
soils in South India, the difficulty being in getting them well 
established quickly. With quick germination and with conditions 
favourable to rapid growth in the earlier stages, the crop however 
is found to do well. In order to afford favourable soil conditions 
for' such a result it has been suggested that the seed should be 
dibbled in holes filled with sand and that the sowing should be 
on ridges rather than in furrows or in the flat ; the suggestions 
however do not seem to have been tried to any extent. 

Sowing Methods. — The sowing of cotton is done in more 
ways than one, but whatever implement or sowing distance is 
adopted, sowing in lines is the general practice in Mysore. It is 
only in parts of the Tamil districts of South India that the 
practice of sowing cotton broadcast and ploughing the field fox 
covering the seed prevails. The field having been prepared as 
already described, cotton is sown by means of seed drills which have 
tynes about two feet apart in the case of cotton which is sown 
pure. The seed is sown either in a regular drill sowing two 
rows at a time or through the one line drill called 'sadde,' ," one 
such ' sadde ' is tied behind each of the two tynes of a two-tyned 
drill, the tubes and the seed bowl from which have been removed 
and which serves merely as furrow opener. When the cotton is 
sown as a mixed crop with 'navane', a seed drill with tynee placed 
about 9 inches apart and sowing either three or five rows Is 
employed and after every three or five rows of 'navane ' are sown 
one row of cotton is sown through a 'sadde'. The cotton rows in 
the former case, i.e., when sown pure are two feet apart and in 
the latter case, i.e., when sown as a mixed crop are either 3 feet 
a part or 4J to 5 feet apart, In the rows themselves the seeds 
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fall at irregular distances from 3" to 9" on the average. In the 
case of 'doddahatti' (Dharwar -American) which is always sown 
pure, a wider spacing is given both between the rows and in the 
rows themselves. Ihe seed-drill used has two tynes set about 2| 
feet apart and the seeds are dropped at distances of 9 to 12 
inches on the average. It is also customary in certain places to 
use the seed-drill merely as a furrow opener, once along the field 
and once across; by this means the field is laid into furrows 
drawn chess-board fashion. The seed is then dibbled by hand 
at the intersections of the furrows at the rate of two or three in 
each hole. After the seed is sown the light wooden kunte 
(balukunte) is drawn over the field covering the seeds. If soils 
are not of the heavy black cotton soil type, a plough may follow 
the seed-drill ploughing a shallow furrow alongside of each 
furrow sown, an operation which not only covers ihe seed but 
also helps more moisture to collect round the germinating seed. 

In regard to the distance of planting where cotton is grown 
by itself and not with a mixed crop, the variety sown, the nature 
of the rainfall, the fertility of the soil, manuring and the nature 
of cultivation whether as a dry crop or as an irrigated crop are 
all factors which have a bearing. The indigenous cottons have 
a tall growing habit, the branches spring very close to the main 
stem making a narrow angle with it; the American cottons have 
a broader growing habit and the branching is almost horizontal. 
The latter have therefore to be sown at wider distances than the 
local varieties; and in case, furthermore, they are grown under 
irrigation and well manured they have to be given a wider spac- 
ing both in the rows and between the rows than when they are 
grown as dry crops. In the case of the local varieties also which 
are all grown as dry crops, a wider spacing will be an advantage 
where the rainfall is higher, and the soils richer, than under the 
opposite conditions. In the case of the American cottons it is 
reckoned that when planted at a distance of 3 feet both ways, an 
yield of one boll per plant will amount to a maund of 25 lbs. per 
acre. Under irrigation some thirty to fifty bolls per plant can 
he counted on the average, with good specimens going up to 
even one hundred. This distance of 3' by 3' may be taken as 
the standard which may be slightly increased or reduced accord- 
ing to nature of the soil, manuring, etc. 

The local ' sannahatti ' is grown very close in the tracts of 
poor rainfall, the rows being IS" apart and the plants about 3 to 
4 inches apart on the average in the rows. The rainfall condi- 
tions are such that the plants make very little growth and the 
yield per plant is so small that close sowing and a larger number 
of plants will have to make up for this drawback. In the tracts 
of moderate rainfall the distance given is two feet between the rows 
and the same three or four inches in the rows, which should be 
considered a satisfactory spacing as far aa the rows are concern- 
ed, but certainly too close in the rows. A spacing of at least 
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six inches will have to be maintained, by a certain amount of 
thinning out if not by a more regalated dropping of the seeds at 
the sowing time itself. 

After- Cultivation. — After the plants come up, the only 
operation is the working of interculturing tools, the ' yedekuntes,' 
systematically. This is carried out repeat"d!y, until the rows 
close up, which may mean three times during the period. 
When the crop is sown chess-board fashion, the interculturing 
"kirate' is worked b.»th lengthwise and breadthwise in the inter- 
spaces between the rows. In the case of the irrigated cotton 
the field will have to be laid out into sect'ons suitable for furrow 
or bed irrigation. Weeding by bullock implements will not be 
possible to the same extent. Thorough weeding is however very 
necessary and considerable hand weeding will therefore have to 
be done for the irrigated crop. In the case of the DharWar- 
American (doddahatti) and Cambodia cotton, it may be advisable 
to top the plants at a height of about three feet, in order to 
induce longer and heavier branching. 

Yields — The 'doddahatti' crop begins to flower in about 45 
days and the first bolls begin to burst in about three months 
after sowing. The plants however continue to flower and fruit 
and the bulk of the harvest may come off in the fourth month 
and the last pickings may not finish until about five months are 
over. If the plants are kept on and if there is moisture in the 
soil or the field is irrigated, there will be a second flush which 
will go on till the seventh or eighth month. Picking has to be 
done at frequent intervals as and when the bolls open; the cotton 
is held loosely in the capsule and may be blown down by the 
wind and become spoiled if it is not picked quickly. 

The 'sannahatti' crop sown in September becomes ready for 
the first picking in January following and the picking may 
continue till March, Usually in three pickings or four at the 
most, the wbole crop is gathered. This cotton is hfld rather 
firmly in the open bolls and will therefore admit of being left on 
for sometime until, for example, a large enough proportion can 
be picked at one time. The Doddahatti and Cambodia and 
other American tt pes give comparatively clean cotton, but the 
local cotton is likely to be mixed up with much leaf and broken 
bits of the boll. Further on account of the attack of the bull 
weevil, this cotton is likely to be much stained and mixed with 
small and shrunken locks of cotton. It will be advisable to 
pick good cotton separately from such damaged-and dirty cotton. 

The yield of seed cotton from the local cottonain Mysore will 
average about 250 lbs. per acre. Under good cultivation and in 
first class black cotton soil in a year of good rainfall quite double 
this yield is obtained. The average yield of 'dofidahatti' grown as 
a dry crop is about 850 to 450 lbs. of seed cotton per acre ; good 
c rops from fields which have not suffered from the red leaf 
disease may go up to 600 lbs. per acre. The irrigated American 
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cottons Jike Cambodia and the various crosses give, provided 
they do not suffer from the red leaf disease, heavy yields up to 
1000 lbs. per acre and if left over for a second flush may give 
an additional 250 to 400 lbs. 

Disposal of cotton plants.- -The disposal of the cotton plants 
after the cotton crop has all been picked generally consists in 
leaving thern on the field until the time comes for preparing the 
ground for the next following crop. The plants furnish consi- 
derable grazing during this period for both cattle and sheep and 
it is usual to make such grazing a consideration for the penning 
of sheep. The plants are later pulled out completely by working 
the heavy ' kunte ' on the land, the end of the ' kunte ' near to 
the cotton row being pressed down so as to make it work deeper 
and uproot the cotton plants, which are pulled out by the hand 
at the same time. As part of the scheme foe the control of the 
stem bor?r, which requires that the plauts should be pulled out 
after the picking season is over, a small pulling instrument 
worked by hand is being used and popularised in some parts of 
India. The cotton plants after removal from the field are dried 
and used only as fuel or are burnt on the field itself. As the black 
cotton soil tracts are vast treeless plains fully under cultivation, 
there is always much difficulty for fuel in all villages in these 
regions and the dry cotton plants meet this difficulty to some 
extent. The conversion of the material into compost for use as 
manure is a good alternative and -can be adopted with all the 
surplus available. For this purpose the stalks have be crushed 
and broken in a stone mortar mill, under the stone threshing 
roller or under the feet of bullocks, preliminary to being put in 
the compost heap. If the material is not prepared in this way. 
the decay is very slow and the handling too becomes difficult. 

Botany and Varieties. — The cotton plant belongs to the 
natural order Malvaceae and the genus Gossypium. The genus 
comprises many species, of which a good number is represented 
by the different kinds of cotton grown in India,. The cotton 
plant is a shrub with branches ascending or spreading and both 
stems, branches and leaves are quite green in colour or flushed 
with dark red and covered over with short hairs. The leaves are 
usually lobed and palmate with prominent stipules. The inflo- 
rescence is a one-flowered cyme with a short peduncle and well- 
developed bracteoles. The calyx is gamosepalous and the 
corolla is five petalled, deep red, white or yellow in colour, with 
or without a black centre or ' eye '. The anthers are borne on 
tubular stamens and the ovary is three to five celled, correspond- 
ing to the same number of locules in the bolls ; the seeds are 
hard coated, naked or covered with ' down ' or ' fuzz '. 

The various Indian and other cottons belong to the different 
species noted below : — 

G. obtusifolmm, which is represented by the varieties called 
' nadam ' and ' npparo ', 
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^ G. berbaoaum, which is represented by fchi varieties called Broach, 
Wagad (Dholteras) Javari, Teliapathi, (northerns and westerns), 
Sanaahatti of Mysore, Kumpta, Goghari. 

G. indicum, represented by the varieties called Karunganni (of 
Koilpatti) Nandyal (northern), Gaorani (Hyderabad, Deccan), Bani 
(oomr&s), Mollisoni (Bengal and the Panjaub) and the Yerrapathi (of 
Coeanada). 

G. negleetum, represented by the varieties called Verum (0. P. 
and Berars), Jarilla (Khande3h and Nasik), Sindh N. R. (of Middle 
Sindh) Rosea, 

J G. arboreum, represented by the dark purple flowered Deokappas. 
"J G. hirsxitum, represented by the various American cottons in Indii 
such as Dharwar-American, Gadag, P&ajab A.m9rican, Sindh- 
American or Sudhar, Cambodia, Doddahatti ( Mysore). 

G. maritirnum, represented by the Egyptian cottons, 

G. Peuvianum, represented by the perennial cottons called 
Kidney, Brazilian, Caravonica. 

G. barbadense, represented by the famous Sea-Island cotton. 

G, oemuum, represented by the Comilla cotton. 

In Sjufch India, the cotton is also known by various trade 
names such as Oocanada, Westerns, Northerns, Tinnies, Salems, 
etc. These are not cottons belonging to any one single species but 
are mixtures of several. Thus, the Cocanadas contain G. obfcusifo- 
liumand G. indicum (Varrapafchi), the Westerns and Northerns 
contain G, herbaceum and G. indicum, the Tinnies contain 
G. obtusi folium and G. indicum and the Salems mostly Oambo- 
dias grown in that district. 

The varieties grown in India may be classified broadly as 
the Asiatic and the local varieties and the American or New 
World cottons. Their charateristics are markedly different in 
many important respects. The Indian cottons are distinguished 
by their green stems, light green leaves, upright and somewhat 
narrow habit of growth, with branches springing at a very 
narrow angle witb the main stem; the flowers are generally 
deep or canary yellow in colour with an eye or large black dot deep 
inside the flower at the base of the petals. When the petals 
begin to wilt after the flower is fertilised and closes, they retain 
their yellow colour. The bolls are comparatively small, are 
green in colour till they begin to dry and split and are made 
up of three to five locks or sections ; when the bolls split and are 
ready to pick the seed cotton is held somewhat firmly — 'at any 
rate much moce so than in the American cottons. In one 
variety, indeed, (Wagad) the locks do not open fully at all and 
the cotton is held so firmly that the bolls have to be beaten for 
.separating the cotton from the capsules. The cotton is generally 
white and some are brilliantly white; in certain varieties the 
colour varies from dull white to almost 'khaki'. The cotton is 
mostly short in ' staple' or length of fibre , in fact the whole of 
these cottons are classified as 'short-staple'. In some the staple 
is very short, in others medium. The staple is also in most 
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varieties coarse, in some indeed very rough , in others it is 
quite soft and silky. The percentage of lint to seed cotton 
called the ginning percentage varies a great deal bat in 
the varieties largely under cultivation it is medium to good, 
varying between 25 and 30 per cent. There is one variety how- 
ever which gives up to 50 per cent and at the other extreme is a 
curiosity such as the wild cotton which has practically no lint 
"at all. The seeds can be easily ginned, the lint parting from the 
seed with a very light pull. After ginning, the seeds have only 
.a very thin coat of lint and are said to be smooth or non-fuzzy in 
contradistinction with American cottons which are all fuzzy. 
The seeds are usually small and rounded, as compared with the 
latter. There are some minor exceptions in which the seeds are 
naked, i.e., have no lint left on them at all after ginning, and 
look smooth and black like an ordinary black bean seed. They 
are all bushes grown as annuals with the exceptions noted under 
' rotations ', which are left to ratoon for two or three years 
The hark of the stem in this case becomes greyish white in colour 
and somewhat rough, though the stem continues to be pithy in 
the centre and brittle. Some indigenous varieties are somewhat 
different from the above general description. The variety called 
Gr. arboreum is grown as a perennial, it has deep red flowers 
possessing a dark eye or spot inside at the base of the petals, 
the stem and leaves have a dark appearance flushed with the 
deep red tint of the flower. The cotton is white, fine and silky, 
the staple medium and the seed non- fuzzy and the thin coat of 
lint is green in colour. The variety called Gr. roseum has white 
flowers and the variety Gr. indicurn has a reddish tinge in both 
stems and leaver. 

The American and non- Asiatic cottons were first introduced 
into India by the East India Company in their efforts to grow 
American cotton within their own dominions and so to become 
independent of supplies from America. Many varieties of Upland 
and other types of cotton, such as the Peruvian types, were 
imported and even foreign expeits were brought over to super- 
vise the cultivation and train local agriculturists. The cultivation 
which was mostly confined to Madras and Southern Maharashtra 
was a failure and could not displace the local cottons. There 
was however one notable survival, now represented by the 
Dharwai -American, which has become a well established 
Ameiican Upland cotton acclimatised in India and grown 
largely both as a dry crop and under irrigation. Stray specimens 
of the Peruvian cottons have also survived. The cotton called 
Cambodia, also an Upland type which was introduced about 
40 years ago and taken up as an irrigated garden crop has met 
with remarkable success and become a very popular variety. 
Sea Island and Egyptian cottons are comparatively recent intro- 
ductions especially for the canal irrigated tracts of Sindh and the 
Punjaub and very lately In Mysore as part of the efforts made to 
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grow long staple cotton in India itself, to meet the needs of the 
Indian mills requiring finer counts of yarn. 

The American Upland cottons differ markedly from the 
indigenous cottons in their appearance and habit of growth ; 
their stems and branches have a reddish colour and the leaves are 
tinged red, the leaves are broader, the branches spring horizontally 
from the stem and the plants therefore cover several feet in 
circumference. The root system is not very deep, the tap root 
does not go as deep as in the local cottons but the lateral roots 
have a wide spread, extending almost horizontally outwards. 
The flowers are larger, are cream coloured when they open and 
become red when they close ; they do not possess the eye or dot 
at the base of the petals inside the flower , the bolls are very 
much larger and rounded or longish , the cotton is brilliant 
white, is held in three to five locks from which it parts with great 
ease. The cotton fibres are however held more firmly and the 
ginning is not so easy as in the case of the local cottons. The 
seeds are larger, somewhat conical in shape and markedly 
'fuzzy '. The lint is of the soft long stapled type generally 
and the ginning percentage is higher than in many local varieties. 
The yields are also much higher. The crop is however subject to 
a serious red leaf disease in which the leaves become red through- 
out or in patches of the surface leading to a shedding of the leaves, 
buds and bolls and if the plants are young to the drying up of 
the young plants themselves. No satisfactory remedies are known 
and it is held by some that these non-Asiatic cottons are not 
suited to India at all. 

Quality in Cotton. — 1. Staple length. The quality of any 
particular cotton depends upon its length of staple, fineness, feel, 
such as rough or smooth and silky, strength and its bright white 
colour. The cotton on the seed is composedof fibres, ail of which 
are not of one uniform length but which are of varying lengths. 
The large bulk of them are however of one particular length 
varying within very small limits while among the remainder 
some are very much longer and some very much shorter than this 
length. This predominant length called mean length is taken as 
the length of staple of the particular cotton. For example in a 
cotton the mean length of whose fibre or staple is 0"7 inch, the 
distribution was as below : — 
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The higher the staple length the more suited is the cotton 
for spinning the finer, yarns or higher ' counts '. Most Indian 
cottons do not spin above 20 counts and many can be used only 
for counts below 10. The number of windings on a special 
frame winch a specified weight of the yarn will give is reckoned 
in counts, so that the higher the count the longer is the length 
of the yarn for the specified weight and therefore the finer is the 
yarn. The staple lengths of different types of cotton are as 
below : — Cottons with a staple below '75 in. aie classed as short 
staple cottons, those with a staple length between '75 and 1"25 
in. are classed as medium or medium long, and those above 
1'25 in. are classed as long staple cottons. The counts of yarn 
for which the abovementioned classes can be used are generally 
taken is under : — Short staple-below 30 counts; medium and 
medium long staple— up to 50 counts; long staple—all counts 
above 50. The short staple cottons find considerable use for 
mixing with wool and on this account sometimes fetch a higher 
price than will be warranted by their length of staple. 

2. Finewss. — The fineness of the fibre is closely related 
to the staple, and is an expression of the weight per unit length 
of the fibre. The finer the fibre the finer is the yarn spun and 
the better it is. The fineness may often arise at the expense of 
the strength of the fibre which is on« of the important require- 
ments of good cotton The fineness is a character which is 
somewhat influenced by the composition of the soil on which the 
cotton is grown, and by seasonal variations, so that a variety which 
ordinarily yields a fine fibre may become less so when grown on 
a different soil and in a different season. The fineness of fibre as 
expressed by the weight per unit length in some of the different 
varieties varies between wide limits as may be seen from the 
following examples : — 

Variety Fibre weight per inch 

(in 10- 6 oz.) 

Verum ... ... '170 to "191 

Karunganni ... ... "147 to "186 

Cambodia ... ... "122 to '150 

Jayawant ... ... '140 to '197 

Panjaub-American 289F ... '075 to '152 

Moreover it is possible by skilful hand spinning to spin 
very high counts with orly medium staple cotton ; the famous 
'Dacca muslins' for which yarns were spun so fine that a 
pound of yarn measured 250 miles in length were the products 
of only medium staple cotton which are said to have been 
spun by band spinners according to a technique not well under- 
stood at the present time. 

3. Strength.— The strength of the cotton fibre is an 
importnnt factor in valuing a cotton. The strength in tested 
usually for the yarn ol a particular count .(generally 19 or 20) 
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spun out of the particular cotton and is given as the number of 
pounds which this yarn will btand without breaking in the 
apparatus used for this test. In any particular cotton an 
increase qy selection in the staple is sometimes accompanied by 
a loss of strength which has to be guarded against. Seasonal 
conditions moreover may bring about changes in this character, 
sufficient to mask improvements due to selection. An approxi- 
mate figure of from 75 to 80 pounds for 20's yarn may be taken 
as the lower strength limit expected; in very strong specimens 
this figure may go up to even ] 15 lbs. As regards individual 
fibres, the average breaking strength of the fibre for American 
varieties is given as G'83 grins, with a variation ranging between 
4 and 14 grms. as extremes. In proportion to the size of the 
fibre, cotton is three times as strong as wool. 

4. Feel. — The feel of cotton, i.e., whether it is soft and 
silky or coarse and rough to the -touch, is also obviously an 
important character, as the former will lead to smoothness and 
fineness in the yarn and consequently of the fabric and the 
latter give the contrary effect. Varieties differ from each other 
greatly in this respect, some being strikingly soft while others 
are very rough and coarse not unlike a fine grade of sand paper 
in feel- 

5. Colour.— A. bright white colour is a point much in 
favour of any type of cotton and goes to enhance its price, other 
things being equal. 

Ginning percentage.— Seed cotton or ' Kappas ' is frequently 
judged by its ginning percentage especially in the evolving of 
new and improved types principally by selection. The ginning 
percentage is the figure showing the proportion of the lint by 
weight in 100 parts of seed cotton. Apart from the fact that it 
is for the sake of the fibre or lint that the world's cotton crop is 
grown, the ginning percentage assumes great importance in India, 
principally because the growers' cotton in India is sold in the 
primary markets as seed cotton and as such it naturally fetches 
a price high or low according as its ginning percentage is high or 
low. A ' kappas ' with a high ginning percentage always fetches 
a substantial premium as the buyer of such ' kappas ' will obtain 
a larger amount of lint therefrom. Once however the cotton is 
ginned then it is judged on quite other considerations such as 
those described above. The ginning percentage is also taken 
as an index of the yield of cotton per acre, as the larger the 
lint per pound of seed cotton the larger the yield of lint per acre. 
But it is obvious that the lint per acre is the resultant of several 
factors, out of which the ginning percentage can be only one. 
It may be and often is offset, for example, by a reduction in the 
number of bolls per plant, or by the actual amount of seed cotton 
in the boll. The larger the seed the greater is the quantity of 
cotton fibre on it, though in view of the heavier weight of the 
seed the ginning percentage may be low ; while in the case of 



344 FIELD CBOPS Of INDIA 

the smaller seeds the actual amount of the cotton fibre on the 
seed is less on account of the smaller surface area of the seed, 
but the ginning percentage may be higher. Nevertheless, the 
ginning percentage continues to be considered an important 
attribute of any particular variety. The following table shows 
the range of the ginning percentage for some of the different 
kinds of cotton which were grown under similar conditions on 
bhe Babboor Farm, Mysore: — 

Variety Ginning percentage. 

Garo Hill ... ... 48'0 

Bokda (negleetum) ... ... 38'0 

Cernum ... ... 36'0 

Lone Star (American Upland) ... 3 4" 3 

Karunganni (indicum) ... 32'3 

Sea Island ... ... 81'3 

Egyptian (Ashmouni) . . 31*2 

Sannahatti (herbaoeutn) ... 26'6 

Nadiitn (obtusifolium) ... 21 '5 

Cotton varieties in Mysore. — The cottons of the Mysore 
State comprise mainly two kinds, viz., the ' sannahatti ' (G. 
herbaceum) and ' Doddahatti ' (the Dharwar-Anierican. G. 
hirautumj. The name 'sannahatti' is also applied to the cotton 
called 'nadam' in Coimbatore, which is G. obtusifolium and 
which is the cotton grown in the black cotton soils of the Mysore 
district. The sannahatti' in the eastern taluks of the Ohitaldrug 
district, though largely consisting of G. herbaceum, contains a 
large admixture of a closely similar cotton, with the difference 
that the seeds are smooth and free from any fuzz altogether, 
in contrast with the bulk of the ' sannahatti ' which has a thin 
coat of fuzz on its seed. The ' doddahatti ' also consists of two 
types, one having a white fuzz on its seed and the other having a 
slightly green fuzz; both are grown mixed together, and appear 
identical m all other respects. To a small extent is also grown 
another cotton called locally, Bokda cotton, which is G. negleetum 
and which gives a high ginning percentage of white rough cotton 
with a short staple. All the cottons have a good white colour 
but differ in the ginning percentage and in the length and 
quality of the staple. Thus 'sannahatti' (G. herbaceum) with 
white fuzzy seed gives a ginning percentage of 25 on the average 
(variations exist from 20 to 28) with a staple of about § inch, in 
which character also much variation exists. The 'sannahatti ' 
called 'nadam' (G. obtusifolium) gives a ginning percentage of 
only about 21 but has a slightly longer staple. The naked — seeded 
'sannahatti' has a ginning percentage of 20 to 25 with a fairly 
strong staple between J and J inch. The 'bokda' is a white 
rough cotton with a very short staple but has a ginuing percen- 
tage of 34 to 35 per cent. The ' doddahatti ' types have a ginning 
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percentage of about 28 to 32 with a strong white staple -with a 
length between % and 1 inch, 

A great amount of work on the improvement of these 
cottons both by selection and by cross-breeding has been carried 
out and the abovementioned older types are being largely 
and gradually replaced by the newly evolved types. Among the 
latter are (1) ' selection 69 ' which has been evolved by selection 
from the local sannahatti (fuzzy — seeded G. her baceum), which 
gives a higher ginning percentage, a better yield and is fairly 
wilt resistant. (2) H. 190, which is a cross between ' selection 69 ' 
and the red-flowered G. arboreum, which gives a high ginning 
percentage of 30 and a better lint. It is intended to replace the 
' sannahatti ' from the seeds of which this can be distinguished by 
the green colour of its fuzz. (3) Cernum — Nadam crosses (O.N. 
45, C.N. 86, etc.) which are crosses between the Cernum cottons 
possessing the high ginning percentage of the Cernum and the 
lint length and fineness of Nadam, These are intended to 
replace the local ' Bokda,' which is very rough and short stapled, 
but has a high ginning percentage and whose cultivation though 
undesirable is being continued on account of this special 
advantage of a high ginning percentage. 

The ' doddahatti ' (Dharwar- American) is also being replaced 
by two newly evolved types vie., M.A, II and M.A. IV. These 
have been produced by crossing the local ' doddahatti ' with a 
perennial cotton of the type G. Peruvianum. These cottons 
give a higher yield, with a very white and fine staple, for which 
they have gained a name. The M.A. II is also fairly resistant 
to the ' red leaf ' disease. In addition to these, in the irrigated 
tract under the Irwin Canal several crosses between American 
types like the Cambodia with the M.A. types of Mysore and the 
African cotton Uganda such as MA. V, Co 2 X Uganda, M.A. 
VI., Uganda X Co 2 and soon have been evolved and are under 
cultivation. The ginning percentage in these crosses goes up to 
34 to 36, and the staple length to 1 inch to 1& inch. In the 
same tract even Egyptian and Sea Island Cottons have been 
successfully cultivated recently. 

Pests and Diseases. — By far the most serious pest of cotton, 
which attacks both local and American cobton and which is present 
in the crop every year is the boll worm. The worm attacks 
the young seeds in the bolls, and prevents them from developing, 
with the result that the cotton yield is reduced to that extent. 
Sometimes one and sometimes many of the seeds, sometimes the 
seeds in one lock and sometimes the seeds in more than one lock 
are attacked, arresting the development of the lock or locks 
concerned. Not only is the yield of cotton reduced to that 
extent but such cotton as is obtained is found stained yellow and 
poor in quality ; its mixture with good cotton reduces materially 
the price which the latter may otherwise fetch. The reduction 
in the yield is however the more serious loss, which may in bad 
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cases amount from a third to a half of the expected crop. 
Hardly a boll can be seen which is absolutely free from the 
attack in every lock, and as the number of locks ia from three to 
five in a boll, the loss may readily be reckoned. Though the 
indigenous varieties are otherwise hardy and remarkably healthy 
as compared with the American types, they are badly subject to 
this attack and are, if anything attacked to a larger extent. The 
boll worms concerned in the attack comprise two main kinds, viz., 
1. The pink, boll wo|m' — Platyedra gossyjpiella, S. and 2. The 
spotted boll worm, of which also there are two kinds, Earias 
fabiafS. euvd B 'arias "insulana, J3. Tbe latter worms not only 
attack tbe bolls but bore into the sterna as well, especially in the 
case of young plants. Both classes of worms finish their life 
cycle within a month, so that both the earlier bolls as well as the 
later formed ones are subject to attack. There are no remedies, 
which can be called satisfactory. In the case of the spotted boll 
worms, one precaution is to avoid plants of the Malvaceous 
order being grown in the cotton field, as the worms breed on 
such plants also. In regard to the pink worm it is found that 
some among tbe adults are attracted by lights, and light traps 
therefore will afford some relief. IFor large scale cultivation, 
however, neither is of any practical value. Very material relief 
can be secured if all the seed intended for sowing is well cleaned 
and then thoroughly dried in the sun and stored in insect- proof 
bins ; it ia claimed that the pest ia greatly reduced in the crop 
raised from such seed, 

A pest of even greater importance as far as the American 
types are concerned is the stem borer, — Pempheres affinis, F. 
Attacks by this borer are to be found both in the young and in the 
fully grown plants and both branches and whole plants may suc- 
cumbaud break off or die; but before this stage is reached growth 
is much arrested and the normal production of flowers and bolls 
very much reduced. Attacked plants always show characteristic 
swellings on the stem near the base of the plant but by this time 
tbe peat has done much damage. The pest is so bad that it 
■ acts as a serious check on the extension of the cultivation of 
Cambodia Cotton. The pest lives from year to year in the 
cotton crop itself and if the plants are left to ratoon or allowed 
to remain on the field for any other reason, then circumstances 
favour the perpetuation of the pest. Despite much research, no 
satisfactory remedy is known, except that of removing the 
cotton plants from the field promptly after the picking is finished 
and burning them, with the object of preventing it in the crop 
of subsequent years. This is one of the few pests in which 
legislation has been invoked ; the Pest Act in Madras compels 
growers to carry out the removal and burning of the plants 
within a specified time. It however happens that the pest has 
several other host plants in addition, a fact which somewhat 
reduces the efficacy of the above method. Parasitic insects of 
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different kinds, at least five in number, have been found to prey 
upon the pest but do not appear to be an effective check. Some 
success has been attained in the production of resistant types 
and progress in combating the peat may lie only along these 
lines. 

Aphids, thrips and jassids are other insect pests which 
frequently cause serious damage, attacking young flowers, buds 
and bolls, sucking the sap from the peduncles and causing 
wholesale shedding of buds and bolls. When plants are well 
grown and- luxuriant with the prospect of a big yield, such 
shedding of buds and bolls takes place with disastrous results. 
Generally a reddening of the leaves and their shedding also 
occur at the same time and the ground at the base of the plants 
is stained black by the oily exudation. The pest is confined to 
the American cottons, and is probably connected with the 
problem of the 'red leaf disease of the cottons. The only remedy 
which has met with some success is the application of sulphur 
dust on to the plants with a suitable dusting appliance. More 
than one application is necessary. Spraying with tobacco decoc- 
tion or other insecticides, if done thoroughly, also affords relief, 
but the cost of the spraying will generally make it not practicable. 

Bugs, especially the dusky bug— -Oxyoarcenus Imtus, K. — 
cause material damage to the cotton boll both by arresting the 
development of the bolls and by staining the cotton. Both local 
and American cottons are subject to the pest, No suitable 
remedies have been worked out, though in the early stages hand 
picking may be resorted to with some success. 

There are also several scale insects, which attack cotton ; 
the non-Asiatic cottons are peculiarly subject to these attacks, 
which sometimes result in the killing out of the plants altogether. 
Those which, like the Peruvian cotton, the Caravonica cotton* etc., 
are grown as perennials are usually infested with these insects and 
either remain in an unthrifty condition or die out altogether. 

Diseases. — Among the fungus disease of cotton, as regards 
the indigenous cotton, the most serious is the cotton 'wilt' — Fusa- 
rium vasinfectum. The disease is seen in its more serious form 
in fully grown plants, when the whole plant dries up from top to 
bottom. In bad cases the field is full of these patches of dying 
and dried up plants but ordinarily they are seen singly here and 
there. The ' sannabatti ' (G. herbaceum) of Mysore and the 
Southern Mahratta country (oalled Kumpta) is extremely 
susceptible to the wilt and it is unfortunate also that some of tbe 
superior selections are more liable to the attack than other strains. 

Soil temperature has been found to affect the incidence of 
tbe disease very greatly. The optimum temperature for the 
development of the fungus has been found to be 77° F. 
and the maximum to be between 95° and 104° which 
indicates that in the hot weather months of March and April 
when the soil temperature on the black cotton soils is considerably 
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higher than this maximum the fungus cannot develop and the 
plants which have escaped infection in the earlier stages or were 
infected only late in the season escape the damage. No practical 
remedies have however been found and work has been done with 
the object of evolving wilt resisting strains. The technique of 
testing these new strains claimed to be wilt-resistant has been 
improved and the new tests are under rigorous conditions, so 
that the strains which emerge successfully out of these tests should 
be quite resistant. One such strain, the Jayawant_of Dharwar, 
is much more resistant than the ordinary types from which it 
has been evolved. 

The cotton crop, especially the American types grown under 
irrigation, is subject to many 'root-rots' which are responsible for 
considerable annual losses in some tracts notably in Sindh and 
in the Panjaub. These rots are caused by more than one species 
of ' rhieootonia ' and are found to be favoured by excessive 
moisture conditions in the soil. Lighter and less frequent irri- 
gations coupled with adequate drainage are indicated as control- 
ling factors. It was found in the course of studies of this fungus 
that hydrocyanic acid gas pumped down to 18 inches below the 
soil was able to kill the resting spores of the fungus. Commer- 
cial cyanide of potash crystals can be introduced into little holes 
in the soil made by a thin iron rod and covered up, so that the 
hydrocyanic acid generated in the moist soil may permeate the 
infected soil. The practical aspects of the method have however 
not been worked out. 

The most baffling disease of the American types of cotton in 
India is what is known as the ' red leaf disease '. The reddening 
of the leaves is followed by their shedding and this is often 
accompanied by the shedding of flower buds, flowers and young 
bolls. The disease appears whether the crop is grown on the 
black soil or on the red soil, and whether as a dry crop or as an 
irrigated crop. Plants are attacked in all stages from young 
seedlings up to fully grown bearing bushes. In many cases it 
may be said that the first crop is entirely lost and only the second 
flush gives a crop. The loss in the aggregate must be very large 
and this disease may be said to be the most difficult problem and 
serious obstacle in regard to the cultivation of American cotton 
in India. Many causes have been considered likely and it is not 
yet known whether it is a bacterial, fungoid, or virus disease or 
dne to deficiencies or inequalities in the manurial or other 
ingredients in the soil, moisture conditions in the soil, seasonal 
effect or favoured by insect vectors or is a physiological effect 
brought about by a combination of causes. The belief among 
cultivators is that the disease does not appear in a bad form if 
the crop is sown very early in the season. There is probably 
something in this belief as certain experiments indicate consider- 
able variation in the incidence of the disease in crops sown at 
different periods. From a practical point of view, if it should 
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prove that sowings in particular months result in a reduction in 
the incidence of the disease then the sowing time may be altered 
accordingly at least under irrigated cultivation, where sowings 
can be made independent of the wtather. 

Alkalinity of the soil and the rise of underground water 
too near to the roots also bring about the same symptoms of leaf 
reddening and the shedding of bolls and buds. Deflocculation of 
the soil by continuous watering also produces the same result. 
The reddening of the leaves also occurs as the result of a 
deficiency of potash in the soil, but no Indian soils are so deficient 
in potash as to cause the disease. Pot culture experiments 
moreover using varying doses of potash have not given any 
definite indication that the reddening can be reduced or controlled 
by potash manuring. 

The presence of jassid flies has also been considered as a 
likely cause ; many crops suffering from the boll and bud shedding 
and the reddening of -leaves are usually found badly infested 
with these flies. Whether the shedding was due to the draining of 
the plant sap from the bearing branches or to any specific disease 
spread by the jassid cannot be stated ; but the jassid is probably 
one of. the agencies which can bring about these disease condi- 
tions, because checking the jassid attack by the use of sulphur 
dust as already explained results at the same time in reducing 
the red leaf disease. This method of control through sulphur 
dusting to check the jassid attack cannot obviously control the 
disease where it is due to other agencies. 

It was also claimed that some particular organism coald be 
made out in the sap of the diseased plants and that the disease 
was probably due to a disturbance in the nutrition of the plants 
consequent on the presence of the organism. Reddening appears 
however to be produced even when the organism is not present, 
which casts doubt upon the organism being the causal agent. 
Anyhow from the point of view of controlling the disease, the 
finding is not helpful. 

The sannahatti (Gr. herbaceum) is also subject to a disease 
in which the leaves become much reduced in size and the growth 
of tbe plant, especially the branching, is much arrested. It is 
not however serious so far. 

Although in India the above noted diseases are only the major 
diseases of cotton, in many other parts of the world and to a 
small extent even in India cotton is attacked by other diseases 
as well, such as mildews, leaf spot (Cercospora gossypina), 
anthracnose {Qlomerella gossypii) and several species of Bhizoo- 
tonia. The last which generally attacks only young plants is 
also capable of bringing about the death of older plants. All these 
diseases are regarded as due more or less to soil conditions, 
such as alkalinity or more often excessive moisture in the soil, 
all of which predispose the crop to one or other of these 
diseases, JS 
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Chemical composition and iises. — The cotton fibre is a single 
cell of almost pure cellulose which, in this elongated form is an 
adaptation in nature designed no doubt to help in the dispersal of the 
seed, The fibre has a slight natural twist and possesses a some- 
what oily surface which prevents it from absorbing moisture or 
taking up dyes. Treatment with alkalies removes the oiliuess and 
then the cotton becomes absorbent. The treatment with alkalies 
also shortens and swells the fibre, which when stretched to the 
original length assumes a silky or glossy surface ; on this pro- 
perty of the fibre is based the process of ' mercerising.' The 
mercerised cotton goods possess a silky gloss and smoothness, 
which untreated cotton goods do not. Cotton is acted upon by 
strong nitric acid and is turned into nitrocellulose or 'gun 
cotton ' which is used as an explosive. Cotton is also acted upon 
by salts of aluminium and . of tin, and after such treatment is 
able to absorb and firmly retain many kinds of dyes, which is a 
property made use nf in the employment of alum and chloride of 
tin as mordants. Considerable inferior cotton and the fuzz 
called ' linters' is turned to commercial use, as raw material in 
the manufacture of artificial silk. 

Cotton seed and products. — The most important product of 
the cotton plant other than the cotton itself is the cotton seed. 
As the seed amounts from two to three times the weight of the 
cotton lint on the seed cotton, the magnitude of the huge pro- 
duction of this article as a world's commercial product may be 
imagined. The cotton seed consists of the outer fluff or fuzz (in 
the fuzzy seeded cottons), the shell or hulls and the meat or 
kernel inside. All, these three parts are commercially made use 
of. The fluff is removed by special machinery and under the 
name of ' linters ' these short fibres are used for felting and other 
purposes, The hulls are used as feed for cattle and pigs or burnt 
as fuel. The kernel or meat is pressed for oil and the oilcake 'is. 
a valuable cattle feed and can also be used in various forms as a 
human food. From about 2,000 lbs. of American cotton seed the 
yield of the above mentioned materials will be as under : — Crude 
cotton seed oil 300 lbs; oil cake 813 lbs; hulls 725 lbs; linters 
35 lbs; the remainder being wastage. 

The cotton seed oil yields, on refining, the finest grades of 
both cooking oil and salad oil, besides considerable inferior oil fit 
for soap making. The refined oil is also largely converted by 
deodorising and hydrogenation into solid vegetable fats (and 
'vegetable ghee') and finds use in this form in the preparation 
of margarine. The chemical and physical constants of cotton 
seed oil are as below : — Specific gravity 0'92; refractive index I "47; 
saponification number 191 to 196 ; iodine number 105 to 115; 
Eeichert Miessel value 0'7 to 9. 

The oilcake is used principally as a cattle feed and the Indian 
decorticated cake will contain about 38 per cent of albuminoids, 
24 per cent of carbohydrates, and 13 per cent of oil. The 
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composition of American cake in the same constituents is given 
as under : — albuminoids 43 per cent ; carbohydrates 22 per cent; 
and oil 13" 5 per cent. Cotton seed is decorticated or deprived of 
the hulls before it is pressed for oil and the cake prepared with- 
out such decortication is considered harmful to cattle in Europe, 
which is the largest market for both seed and cake. In India 
however the cotton seed itself is fed to cattle and the seed forms 
an important part of the ratiou for both working cattle and 
milking cattle. Indian animals thrive on the feed and no 
deleterious effect due to the presence of the hulls is experienced. 
There is however a prejudice against the use of the fuzzy seeded 
American cotton seed as a cattle feed in certain parts of the 
country, in the belief that tbis seed impairs the night vision of 
the animals. Actual experiments have however shown that no 
such 'injury results and that these seeds can be fed quite as well 
as the smooth seeds. 

The bark of the cotton plant yields a tough fibre of consi- 
derable length, and at one time the use of this material for 
making rough paper and for being woven into coarse fabrics for 
wrapping cotton bales was seriously considered. The bark of 
the stem and of the roots' is said to possess medicinal properties 
as a substitute for Ergot. 

Production and trade. — Cotton is grown in nearly every 
province in India. The approximate acreages in the main cotton 
growing tracts are as shown below: — Central Provinces and 
Berars 4,100,000 acres; Bombay 3,800,000 acres; Madras 
2,500,000; Panjaub 3,100,000; Sindh 970,000; Hydera- 
bad State 3,500,000; Mvsore 80,000 ; Bengal 58,000 ; United 
Provinces 581,000. The total area in British India (1937-38) 
was returned as 15,357,000 acres. 

India is both an exporting and an importing country with 
regard to cotton. The exports which are very large consist 
mostly of the short staple indigenous cotton and the imports 
comprise mostly the superior long staple cottons The imports 
and exports in the year 1939-40 were as below ; Imports 134,451 
tons valued at about Rs, 12 crores, and exports 487,764 tons 
valued about Rs. 29 crores. 



II. SANNHEMP (Crotalaria juncea). 

Vernacular names for SANNHEMP: Zanwada-SANABU ; 

TawnZ-SANAL ; Talugu-3 A.7SVMX! ; Malayalam- WuCKOO, 

Jlindustani-BAN, 

The sannhemp which is also called ' Bombay hemp ', and' 
sometimes ' Benares hemp ', ' Warangal hemp ', ' Devaguddy 
hemp ' and so on, is one of the important fibre yielding crops of 
India, and as a bast fibre, ranks next to jufce. To a certain extent,. 
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though very small as compared with its cultivation for fibre, it 
ia cultivated for use as a green manure crop. In recent years 
the- plant is being cultivated in many tropical countries for the 
sake of green manure. It is also a very good fodder crop, and 
is fed both green and dried like hay or is grazed in the field. 

Soils. — It is cultivated both on the plains aod on the plateau 
of Mysore and generally in the tracts of moderate rainfall. Soils 
are generally of the heavy types, clayey loams, and the black 
fertile rice soils, but very good crops can also be seen on the red 
■! loams and the light alluvial loams with a considerable admixture 
: of sand. Where it is required for green manure purposes, 
whether for rice, sugar-cane or garden crops it is sown on soils 
of all the ordinary types without any special preference. In 
Upper India especially in the U. P. where the crop is grown on 
a large scale for the sake of its fibre, the soils are generally of 
the light alluvial type. The cultivation is carried on extensively 
in the TJ. P., Bihar, the Central Provinces ; the TJ. P. alone 
accounts for about two-thirds of the produce exported. 

In Mysore its cultivation is mostly as a green manure crop 
preparatory to rice and occasionally sugarcane or potatoes. In 
certain Taluks like Gubbi, Tiptur, and elsewhere where there are 
professional weavers of the sannhemp fibre who can work up the 
fibre into cordage, and woven fabrics, the crop is grown for the 
sake of its fibre, liiee fields and coeoanufc gardens which can 
be irrigated or on which rain water flows and can be properly 
conserved are mostly put under sannhemp. 

Sannhemp as a fibre owp.-~ Sannhemp is raised as an irri- 
gated or semi-irrigated crop. It can be growu as a rainfed crop 
but this is seldom done. A few rows are sometimes sown as a 
mixed crop in the fields of ragi and jola and this furnishes the 
seed supply for the irrigated areas. The sannhemp crop grown 
in this way is generally quite as good as may be seen in irrigated, 
cultivation, if only the rainfall is favourable. 
\ Sannhemp takes about four to four and a half months to 
mature fully till it can be harvested for seed ; but whether grown 
for fibre or for green manure it is not allowed to occupy the 
ground for more than three and a half to four months. As a 
green manure it is cut even when it is two months old, if the 
sowing of the main crop of rice or sugarcane cannot be delayed 
but ordinarily it is left for nearly three months, for this purpose. 
For fibre the period differs considerably; it is cut when the pods 
are ripe by some and by others when the pods are forming. 
The seeds are either gathered or not according to the harvesting 
and retting practices which may be customary, that is, according 
as dead ripe or young plants are harvested. 

The sannhemp crop is generally followed by rice, or if the 
supply of water in the tank is not ample by ragi or jola. In the 
case of the cocoanut gardens if a subsequent crop is raised at all 
it is either ragi, jola or groundnuts. 
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Sannhernp is grown generally in the main monsoon season 
or as an early monsoon crop. The preparation of the field is not 
as thorough as for other crops and generally considerably less 
attention is bestowed on it than on the main crops. The field 
is ploughed twice soon after the first rains in April, or the field 
is watered once to soften the ground and then ploughed. In the 
ploughed field seeds are sown broadcast at the rate of 60 to 80 
pounds per acre and covered by another ploughing. The seeds 
sprout quickly and in four days are well above ground. Enough 
undergound moisture is present in the rica soils for the growth 
of the crop in the early stages, but as it grows up irrigation is 
given by flooding the field to soak it thoroughly. An irrigation 
once every fortnight will be required in case there should be no 
rain. The crop is generally not deemed sufficiently important 
to be irrigated in this way, but unless irrigations are given the 
growth will be very moderate, and the plants do not attain the 
necessary height. With good irrigations however the crop grows 
very luxuriantly and, if the sannhemp moth which usually works 
havoc in the sannhemp crop, does not attack it, a very heavy 
tonnage can be obtained, the plants growing seven to eight feet 
high, and the stems too fairly thick up to \ inch in diameter. 
For extracting fibre the plants are pulled out when the flowering 
is finished and the pods are forming ; elsewhere the plants are 
allowed to stand until the pods are ripe and seeds .can be 
gathered. The former should however be considered the correct 
stage for fibre of good quality. After the plants are pulled out 
they are allowed to dry on the field for a few dayB, or taken to 
the retting tank without being allowed to dry. They are tied 
up in bundles and submerged in the retting tank or stream or 
pond and weighted down with stones or fastened down with pegs. 
Betting takes about a week to complete. The plants are now 
taken out and the bark or fibre is peeled off in a long strip from 
the root end upwards. If the retting has been satisfactory, the 
fibre peels off smoothly from the inner stem and likewise the 
adhering tissues in the surface of and in between the fibres are 
also well loosened, so that they can be separated by beating and 
washing. This is indeed the next process; the fibres are beaten 
on a stooe and washed in the water, somewhat in the manner of 
an Indian 'dhobi ' washing clothes; bits of the inner stem, outer 
tissues and other material are by this means removed and the 
fibre is available in clean long lengths. The fibre is dried, put 
up in twists and preserved for use or sent out for sale. 

For fibre with good colour, strength and smoothness the 
plants will have to be cut long before the seeds ripen or rather 
when the flowering is finished and the pods are forming ; they 
have to be put out for retting without drying and the retting is 
to be done in clean water, whether still or running. In the 
field itself the sowing has to be very thick so that the plants 
will grow very tall without branching. The yield of fibre is 

23 
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about 350 to 400 pounds as an average but may go up to 800 lbs., 
in. good crops. The fibre as marketed has a large percentage of 
tow and bits of sannhemp stems, and is rather uneven in 
colour owing to the inefficient retting and the impurity of the 
retting water. Though the length is good and ranges from three 
to five feet, the fibre as sold is a tangled mass, except where 
retting is incomplete and the fibre is sold in matted ribbons. 
When retting is complete and the retting water is clean, then 
the fibre is almost white in colour ; but as ordinarily prepared 
the colour is poor and is almost brown, due chiefly to dirty water. 

Sannhemp as a green manure crop. — Where the sannhemp 
is grown for green manure it may not be necessary to sow the 
crop so thick, as branching is no drawback. As a matter of fact 
a special branching variety is what is greatly esteemed for this 
purpose. In erect non-branching varieties, a little grazing is 
allowed or the tops are cut away by slashing through the 
field with a sharp sickle; by both these methods the plants are 
topped and branching is encouraged. Very tall plants become 
rather unmanageable when the plants are to be ploughed into 
the soil. Thick sowing is however the general practice, so that 
a large tonnage of young easily decomposable growth can be 
obtained within about two or two and a half months. 

Sannhemp is seldom manured ; but a dose of superphosphate 
of about l| cwt., per acre may be advantageously applied to the 
crop and the growth encouraged. This manuring may also be 
expected to stimulate the crop to assimulate more nitrogen from 
the air and to develop the formation of the root nodules. Where 
the crop is to be ploughed in and rice cultivated thereafter, the 
phosphate manuring may be given in this way, rather than by 
direct application to the rice crop in the usual way. 

The time to ploughin the cro,' is just when the flowers have 
begun to appear over the whole crop. The weight of green 
matter is almost at a maximum at this stage and is sufficiently 
tender to decompose easily in the soil. The material is ploughed 
in the usual way iu the flooded field, where it is trampled into 
the soft mud as the ploughing progresses ; or it may be pulled out, 
laid on the puddled field and then trampled in, after the field has 
been well ploughed in puddle. It may also be laid in bundles in 
the plough furrows and covered over when the adjoining furrow 
is ploughed. In garden cultivation, especially for potatoes it is 
usual to chop it up and mix it with the soil just aa cattle 
manure is worked into the soil. 

Yield.— The yield of green material in a well-grown crop of 
sannhemp about two months old may amount to two to three 
tons per acre. 

Sannhemp as a Green Fodder. — 'Sannhemp furnishes consi- 
derable green fodder to cattle. When grown as a green manure 
it is usual to allow the cattle to have a bite, so that the tender 
tops are grazed ; what is leU is allowed to grow further and 
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branch out or ploughed in straight away. Sannhemp is also cut 
green and dried like hay. It is stored in the stacks of rice straw 
in alternate layers with the straw, so that the fodder may be fed 
as a mixture of saunhemp twigs and leaves and rice straw. 
Being a quick growing green manure crop, it is sometimes sown 
between rows of sugarcane and after six or seven weeks is cut 
down and incorporated into the soil as green manure. Like 
many other green manure crops sannherap manuring is a cheap 
and quick method of increasing the organic matter in the soil. 

Botany and Varieties. — Sannhtmp — Grotalaria juncea— 
belongs to the natural order Lieguminoseae and the sub-order 
Papilionaceae. It is a tall-growing plant with a straight thin 
stem of about J inch in diameter, which attains a height of up to 
eight feet when well grown. The stem has a very thin outer 
skin which contains the long bast fibres. The inner stem is 
woody and is a hollow cylinder filled with pith. The plant is 
deep rooted, with a long taproot and numerous branch roots, all 
covered over with many nodules characteristic of leguminous 
plants. The leaves are small, narrow and lanceolate and are 
attached to the stems with a very short petiole. Branching is 
usually limited but is free when the plant is topped. Some 
varieties are however more branching naturally. The inflores- 
cences are borne in yellow clusters terminally at the ends of the 
main stem and branches and are typical of the papilimaceae in 
structure. Sannhemp flowers are self-sterile and depend on cross- 
fertilisation mostly by insect agency for fertilisation and the 
setting of the seed. The pods are small, rouDded and cylindrical, 
about two inches in length and quarter of an inch in diameter. 
When the pod is dry the seeds move about freely inside and 
rattle when shaken, from which property the name Crotalaria 
(from a Greek word meaning a ' Castanet') is given to this class 
of plants, 

Several varieties are under cultivation, which differ in their 
period of maturity, being either early or late, in their branching 
habit, and in the quantity and quality of fibre which they yield. 
The early varieties take about 80 davs to ripen from sowing 
while the very late ones take about 1 20 days and the medium 
ones about 100 to U0 days to mature. 

Pests and Diseases. — The sannherap crop is subject to both 
insect pests and fungus and other diseases which are very des- 
tructive to the crop; Among the insect pests the commonest is 
the sannhemp moth — Utetheisa pulch<:lla, L. — the caterpillars 
of which feed on the leaves and seriously damage the crop. Thfi 
caterpillars also feed on the pods in the grown up plants and 
prevent seed formation. The defoliation is however the more 
common and causes more serious damage as the plants are greatly 
weakened and practically cease to grow further. Instead of a : 
leafy thickly growing crop of normal plants only thin sticks either 
leafless or with only the cellulose framework of the leaves are left; 

oa* 
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The caterpillars of two other moths also cause the same 
kind of injury. These are Argina caribraria. C. and Argina 
syringa, C; all three kinda are day fliers and are seen flying about 
in sannhenrp fields. The capturing of the moths by means of 
hand nets, and in bad cases the spraying of the crop with stomach 
poisons are control measures ; but for a green manure crop these 
are too troublesome and expensive and are seldom resorted to. 
The damage is however general and serious. 

The borer — Laspeyresia pseudoneotis, M — bores into the top 
shoot of the plants and causes considerable damage every year, 
especially in the Central Provinces. Certain strains of sannhemp 
have however been found to be less subject to this pest than 
others and one species — Crotalaria retus — is said to be quite 
immune to the pest. 

A green sap-sucking bug — Ragmus importtmitas, D., a flea 
beetle, a green semi-looper caterpillar, and a pod-boring cater- 
pillar are all occasional pests on the sannhemp, generally of very 
minor importance. 

The sannhemp is subject to serious diseases also, viz., 
' sannhemp wilt ' and 'sannhemp rust '. The wilt is very general 
and iu some years very destructive. As in the case of the cotton 
wilt and ' togare ' wilt, whole plants both young and grown up 
become attacked and dry up completely. The sannhemp rust 
also does great damage, leaves, stems and fruits all being 
attacked. For neither of these diseases are any remedies known. 
Strains resistant to wilts in varying degrees however are found 
and remedies have to be looked for only in the evolving and 
cultivation of such varieties. 

Chemical Composition and Uses. — The fibre is made, use of 
in India for cordage of all kinds, for woven goods like rough 
cloth, grain bags, awnings and crude tent cloths, and for making 
fishing nets. It is used as a substitute for jute, to some extent ; 
it is light coloured, coarser and stronger and lasts longer than 
jute. Hopes made of sannhemp fibre are very strong and 
are very resistant to the action of water. The ropes are largely 
used for 'charpoys' or cots, and the fibre is in recent years being 
used for making twine. It is finding extensive use at 
present for the making of camouflage nets. The fibre is likely 
to increase in importance as a source of cellulose, in various 
industries like rayon or artificial silk, which use cellulose as the 
raw material. The cellulose of sannhemp is classed as a pecto- 
celluluse and amounts to 80%. It is a valuable raw material for 
making paper of great strength, especially wrapping paper. 

Production and Trade. — The sannhemp fibre is classed as a 
' soft ' fibre in contrast with the ' hard ' fibres of sisal, agave and 
Manila hemp, which latter are largely replacing the ' soft ' fibres 
in the trade. Though less important than formerly Indian 
exports have been steadily increasing during the last few years, 
and have risen from an average of 15,000 tons per year during 
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the period 1932 to 1934 to an average of 37,000 tons a year 
during the period 1935 to 1938 and amounted to over 40,000 
tons in 1939-40 valued at Es. 74 lakhs. 

The acreage in Mysore is very small, but that in Madras is 
about 216,000 acres, The crop is very much more important in 
Northern India as already stated, the Partabgarh district of the 
U. P. being ar> important tract. 



III. PUNDI (Hibiscus cannabinus). 

"Veenaoulak names fob P U N D I •.■—Kannada-'PvSDl, 
Tamil-BVLICKAI, Telugu-GOGV, Hindustani — PATWA. 

Fundi is the plant from which the fibre called Bimblipatam 
jute is extracted and is an important fibre crop yielding a bast 
fibre of great commercial value. The crop is grown on a large 
scale only in the Northern Oircars of Madras Presidency and 
fibre produced for export. It is a crop of some importance in the 
Central Provinces and Bombay, the fibre from whichis sometimes 
.referred to as Deccanhemp or Arnbari hemp. In Mysore itis grown 
only on a small scale, sufficient to meet the needs of individual 
farmers in respect of ropes, twine or loose fibre, The leaves, 
tops and tender branches are greatly esteemed as a cattle fodder 
and believed to be specially valuable for cows and buffaloes in 
milk ; where the crop is grown on a large scale it is partly 
made use of for this purpose also. The leaves and tender shoots 
aud young fruits are also eaten by people, cooked like ordinary 
pot herbs or in chutneys and curries. 

Soils. — It is a crop mainly of the black cotton tract whex-e 
it is grown as a purely rainfed crop and in rows subordinate to 
main crops of jola. With good rainfall and on deep black cotton 
soils the plant grows with great luxuriance reaching a height of 
even ten feet, with branches springing from near the base 
almost equally tall. It is grown to a considerable extent as a 
semi-irrigated crop in sugarcane fields both on the margins and 
in among the cane rows themselves. The soils in such cases are 
of varied types and grades of clayey loams, light alluvial soils and 
red loams. On these sugarcane fields the plants make remark- 
ably tall and luxuriant growth and furnish in addition to very 
good fibre a good amount of branches and trimmings for use as 
fodder. 

As the crop is grown as a mixed crop subordinate to ragi or 
jola on dry lands and with sugarcane in- irrigated fields, there' is 
no preparation of the field specially for this crop. In the jola 
fiela or the black cotton soils the crop is sown through the seed 
drills and alternates with five rows of jola, that is, the 'pundi' rows 
are about six feet apart. The sowing is in the months of June-, 
July. On the red soils with ragi the sowings are late or early; 



358 FIELD CHOPS 03? INDIA 

according as the tract is one of the late or early rainfall and the 
ragi crop is of the main season or of the early season. In any 
case sowings are not earlier than May or later than July. The 
' pundi ' rows are about the same sis feeb apart. In the sugar- 
cane fields the seeds are sown either at the time the cane is 
planted about the month of May or later on especially on the 
margin around the field, about June. The crop in all these 
cases shares in the weeding, manuring and. irrigation given to 
the main crop. The crop grows rapidly and begins to flower 
from ihe second month ; flowering is from the leaf axils on the 
main stem and goes on simultaneously with the growth in 
height. The plants take five and a half months to six months to 
become ready for cutting. They remain for six to eight weeks in 
the fields after the main crop of jola or ragi is harvested. The 
plants begin to dry down at this time and have bo be cut. At 
this stage the stem attains a thickness of two inches in diameter 
at the base and about half that thickness along the upper por- 
tions. The plants are cut at the base and brought over to the 
threshing floor where they are slacked. They are taken out of 
the stack after the threshing of the grains and pulses is over, 
usually about March or April. The plants are spread on the 
floor and beaten with sticks to break open the dry fruits and 
dislodge the seeds. The plants are shaken out to further free 
the feeds end after these are gathered and removed, the stalks 
are taken to the retting tank or stream for preparing the fibre. 
The stalks are tied into small 1 uDdles and kept under water. 
They are weighted down to keep them submerged under water 
completely, and are kept in this way for eight days. The hast 
is now quite loosened from the stem and can be easily peeled oft 
in long strips. If the retting has been satisfactory the gums and 
tissues binding the fibres are well decayed and can be removed 
by washing and beatiDg the long strips in water. The clean 
fibre is now dried in the sun until quite dry and is put up in 
large plaits and stored. The seeds are used as a cattle food ; 
the seeds are soaked in water, softened and ground into a mash 
and fed to milking cattle, whose milk flow this feed is believed 
to increase. 

Yitld. — When grown as a pure crop, the yield of marketable 
fibre may amount to 1,000 1b. per acre, as a maximum. Aa 
ordinarily grown in mixtures the yield varies a great deal but 
seldom goes above 200 lbs. an acre. Ihe outturn of fibre is about 
16 per cent on the weight of the dry stalks. 

Botany and Varieties. — There are a number of varieties in 
cultivation but these are seldom grown pure. The varieties 
comprise broadly two, viz., a green leaved one and a reddish 
leaved one, in both of which the colour of the stem corresponds 
to the colour of the leaves. In both these varieties two types can be 
seen, one with cordate and entire leaves and the other with 
deeply lobtd palmate leaves; even in the latter, the lower leaves 
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may be entire and only the upper leaves palmate. There are very 
tall growing types, and medium or even short stemmed types. 
The red stemmed green veined variety was found to be the best 
for fibre in tests made in Ooimbatore. The flowers in all eases 
spring from the leaf axils along the main stem, the sepals are 
bristly, and lanceolate, the petals from light yellow to light 
cream in colour, with a dark eye in centre. The capsules are 
globose, pointed and bristly at the tip. Both leaves and fruits 
and young stems are soar to the taste and are cooked and eaten as 
pot herbs. There is another speeies "Hibiscus sabdariffa" which 
has deep red almost dark flowers and capsules and which yields 
the fibre called " Roselle." 

The fibre of 'pundi' is rough and strong, with a breaking 
strength estimated to be from 115 to 190 lbs. The fibres are from 
five to ten feet long and bright and glossy. Though it resembles 
jute it can stand considerable under — water usage and is much 
used for making fishing nets. 

The largest use of 'pundi' fibre is for cordage of various kinds. 
On a small scale, both rough sackcloth and canvas are also made 
from the fibre. The seeds find use as a cattle feed. 

The area under cultivation in Mysore is small and no sepa- 
rate accounts are recorded regarding the acreage. In Madras 
the area is estimated at over 50,000 acres, 



IV. AGAVES. 

Vbenaoulab names fob AGAVES :— Kannada-'KATTALB, 

Tamil- Kaxtala], Anai Kattalai, Telugu-KALABAHDA, 

Malcvyalam-VJ akkuchan, IIwkZms{<jmm-Bakkaspatte. 

Considerable fibre for cordage of various sorts in South 
India is derived from the "agaves" of different species and is 
referred to under the general name of aloe fibre. The agaves 
are however quite different botanically from the aloes although 
both resemble each other very strikingly in their habit of 
growth, aa large crowded whorls of Jong fleshy leaves with spiny 
tips and margins which appear to spring from the level of the 
ground. Tho true aloes are generally sources of an important 
and characteristic drug which their fleshy leaves yield. The 
agaves on the other hand yield as their most important product 
the famous fibres of commerce called sisal hemp, Mauritius 
hemp, and so on. Many species of the agave are to be met with 
in South India, the most notable one being the "Agave Ameri- 
cana " familiarly known as the "railway" aloe, because it has 
been planted on both sides of the railway lines as a fence. This 
agave has been used extensively as hedges in gardens, fields and 
plantations. As a hedge plant, it is very efficient and forms a* 
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powerful barrier. against the inroads of cattle; it is only inciden- 
tally that that it is made use of for the extraction of fibre. It 
is however this agave which gives the bulk of the aloe fibre 
produced in this part of the country. Other agaves are also found 
in South India, notably the green aloe " Mauritius hemp ", 
the Fourcroya gigantea, and several ornamental species. " Agave 
sialana", the most important agave and the source of sisal hemp 
is also found, and in recant years has been grown on a large 
plantation scale in Mysore and Coorg, and fibre extracted by 
quite modern up-to-date machinery. The most important 
plantation was one near Fraserpet in Coorg and another was 
near G-unjoor about fifteen miles from Bangalore. Both planta- 
tions were producing very high grade fibre on a factory scale but 
bad to be closed alter some years on account of the fall in the 
price of the fibre. The production of the fibres survives at the 
present time as an off-time subsidiary occupation. 

Soils. — Sisal and the other agaves are plants well adapted 
to dry tracts of low rainfall and to rough upland soils which are 
coarse, gravelly and generally of low fertility and which are not 
deemed good enough for ordinary agricultural crops. Although 
on such soils they make good growth while other crops cannot 
be thought of, still if given the advantage of the better class of 
soils, they do exceedingly well. As a matter of fact the planta- 
tions near Gunjoor were on the deep red loamy soils of this tract 
on which a variety of agricultural crops are usually grown. 
However on rich soils the plants are believed to produce large 
fleshy leaves with a smaller proportion of fibre. They can also 
thrive under a wide range of rainfall from about 20" (as in the 
Babboor Farm in the Mysore State) to about 70" as in Coorg and 
the western parts of Mysore. The world's largest sisal planta- 
tions are confined however to the fully torrid zone and the 
Central American States, Mexico, East Africa and Central Africa 
are the most important tracts of producfciou. 

Propagation and Planting.— -The agaves are propagated by 
means of (1) suckers and (2) small plantlets called "bulbils" 
which are borne on the flower stalks. The grown up plants 
produce root suckers from about their third year and continue 
to do so for two or three years thereafter, each plant yielding 
some twenty suckers in tbis period. Old plants when they are 
about 15 years old begin to flower, the flower stalk resembling a 
stout pole some five or six inches in diameter at the base and quite 
ten'or twelve feet in height. On this. mast- like structure which is 
called the "pole" spring thin lateral growths producing bunches of 
"bulbils" or small plants which can be removed and used as plant- 
ing material. After the " poling " the parent plant begins to die 
down but suckers are Bent out from the root, which also provide 
planting material. The suckers and "bulbils" are generally 
planted in a nursery and reared therein for a year before they are 
put down in the plantation. The "bulbils" are very small, being 
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only about two to six inches in height and have to. be grown in 
the nursery till they are at least one foot high before 
transplanting. 

Plants are put in in their permanent places in the plantation 
in pits about one foot square and the same in depth. The pits 
are made at distances of ten to twelve feet each way. Distances 
of seven feet each way have been adopted in certain plantings 
but this has been found later on invariably too small for inter- 
cultivation and convenient handling. The wider planting will be 
found the best in the long run. When planted as hedge plants 
they are planted on raised ridges or mounds of earth and at 
distances of three feet from each other in a line or even closer, 
which makes allowance for considerable damage and casualties 
consequent on rough conditions and neglect. The planting is 
done in the months of August and September, when the ground 
is soft enough to dig after the rains of the south-west monsoon 
and the young plants have the advantage of the later or north- 
east monsoon rains to become sufficiently well established to 
withstand the following hot weather. Plants put upon the 
ridges have to be protected from being washed down or dis- 
lodged in the rains and the mound itself well tamped on the sides 
against erosion. In the field planted solely for the sake of 
the fibre, the interspaces have to be kept weeded or cleared of 
the larger bush growth. In large plantations where the plants 
are put in wide, at intervals of twelve feet, the interspaces are also 
ploughed and minor crops of groundnuts, cowpeas and so on 
raised during the first two years. Daring the fourth year, the 
plants are old enough to yield leaves which can be cut. A large 
number of root suckers also come up and these have to be 
systematically removed; if this is neglected the interspaces may 
become covere'd with suckers coming from all around the parent 
plants. About twenty to thirty leaves can be cut in the first 
year of harvest from each plant and this number will increase as 
the plants grow older. The leaves to be cut are the lowest ones 
and these can be cut when they are slanting more than 75 
from the vertical. Those at right angles and those that droop 
are more mature. Harvested in the fourth year on plantations 
in tracts of heavy rainfall like the coffee estates of Mysore, the 
plants gave on the average 40 leaves each, with a maximum of 
61 leaves and a minimum of 25 leaves per plant. - In the follow- 
ing year also they yielded at the rate of 88 leaves per plant on 
the average. The green weight of the leaves in the first year 
was, "76 lb, i^erleaf while in the second year the weight was 
almost double, vie., 1*4 lbs. In a tract of low rainfall of about 
20", the plants yielded at the first harvest, that is, the fourth year 
after planting, at the rate of only 80 leaves per plant with an 
average weight per leaf of about '5 lb. per leaf. The harvesting 
of the leaves usually begins in the month of January and goes 
on till March or April, *,:..- 
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The agaves (sisal and others) go on yielding for about 15 
years under norma! conditions and then begin to flower or 'pole', 
after which they die down. Many causes however bring about 
a premature "poling" and such plants become useless long 
before their tirat-s and if the premature " poling " is very early 
and general it spells disaster. The cutting of a large number of 
leaves at a young age and the consequent weakining of the plants 
is considered one of such causes. The non-removal of the root 
suckers for a long time after they have appeared is also stated to 
accelerate "poling". There is also a belief that plants raised 
from bulbils are more likely to "pole" prematurely than 
plants raised from root suckers, although the contrary too 
is- sometimes believed. Lack of sufficient lime in the soil, 
wet conditions and want of aeration in the soil are also consider- 
ed causes. Peculiar conditions of rainfall and weather which 
are not well understood are probably more responsible, as the 
' poling ' by a few plants is often accompanied by a somewhat 
wide-spread ' poling ', making it appear the result of weather 
conditions. Ths subject is certainly obscure. 

Extraction of the Fibre and Yields. — Unlike the fibres consi- 
dered so far, the source of the fibre in the agave is the leaf. 
Fibre is extracted from the leaves by two methods, the dry and 
the wet. The aim in both methods is to separate the long strands 
of the fibre from the soft pulpy tissue in which it is embedded. 
In the dry method this is purely mechanical. After removing 
the tip and the thorny margins of the leaf, the leaf is passed 
between a hard board and the blunt blade of a knife which is 
pressed on the leaf surface to the degree required. The leaf is 
passed several times in this manner and each time the blade is 
brought closer or pressed lower. The process is repeated until 
the fibre is completely separated from the adhering tissue. As a 
preparatory process, the leaves may be bruised all along their 
length by beating with a wooden mallet and then passed through 
the extractor so as to render the separation easier. The fibre is 
then washed free from further adhering matter. In a small way 
the fibre can be extracted by first dividing the leaves into four or 
five strips along their length, laying them flat over a board and 
scraping off all the soft tissue. These methods are of course 
simple but are slow and too costly to be carried out by paid 
labour. They are carried out generally by the cultivator him- 
self and to the extent that may be required for his own indivi- 
dual needs. The principle is however copied in the large scale 
fibre extracting machines of the " Easpador " type by which 
alone agaves grown on a plantation scale have to be handled. The 
" New Corona "," Molla " and several other types of machines 
of British, German and American makes are now in use in sisal 
growing countries. 

The " wet " method consists in allowing the leaves to 
ret in water in the same way as the fibres of sannhemp, 
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jute etc., are treated, whereby the soft tissues and gummy 
matters disintegrate by chemical and bacterial action and the 
fibres are separated easily. In this method the leaves are 
put up in bundles either whole or split into long strips and kept 
immersed in water, being at the same time weighted down with 
a heavy stone. After twenty days the leaves are ready to be 
taken out ; they are then beaten on a stone, scraped and washed 
and the fibre separated from both the soft tissue and the 
tough epidermal layer. This process is much less costly though 
very much slower. Moreover the colour of the fibre is dull and 
is much inferior to the fibre made by the dry process, which 
yields a white and almost brilliant fibre. The fibre yielded by 
the dry method is about 3 to 3*5 per cent of the green weight of 
the leaf while that by the wet method is about 4'6 per cent, 
G-rown on a plantation scale an acre of the ' Agave sisalana ' in its 
best condition is expected to yield 10 owts. of clean fibre. In 
very dry tracts of poor soils, the yield may seldom exceed 400 lbs. 
per acre. The life of a plantation is usually reckoned as ten to 
twelve years. Jn dry climates under somewhat semi-arid condi- 
tions as in Mexico, Yucatan and Central Africa they last up to 
twenty years. "With regular new plantings between the rows of 
the older plants the life of a plantation can be kept up much 
longer. 

Properties and Uses. — The fibre of the agave is very white 
and brilliant in colour when prepared properly by the dry 
method. The fibres are from three to five feet in length ordi- 
narily, but when the plants are not well grown may go down to 
two feet. The fibre made by retting in water is somewhat dull 
in colour, but ia generally longer than in the dry method. In 
contrast with other fibres, the agave fibre is clean and free from 
soft fibres and tow to a remarkable extent, The cordage made 
from agave fibre cannot stand usage under sea-water nor any 
prolonged usage under even fresh water. The most important 
use to which sisal fibre is put is for the manufacture of binder 
twine, which is used in binding the sheaves in the 
sell-binder harvesting machines which not only cut the grain 
crop but also deliver it tied up into sheaves of uniform size, as 
the machine moves along the field. The ropes made of agave 
fibre are strong and also last a long time and are in great 
demand for many agricultural purposes such as for ' Kapile ' 
water-lifts, head ropes of bullocks, for the tying of plough parts 
and so on. Agave ropes have been found very strong with a 
breaking strength greater than that of coir, cotton or "pundi" 
(Hibiscus cannabis), Agave fibres are being used for the making 
of door rugs, bags, awnings, soles for sandals, etc. In cellulose 
content agave fibre ranks rather low having only 76'8 per cent. 

The inner stem of the agaves is edible; in times of famine 
poor people boil and eat it. It'is a favourite food for pigs and much 
damage is caused to aloe hedges by wandering awine-herds who 
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uproot the plants and allow the pigs to feed. In plantations 
situated in tracts visited by wild elephants these cause great 
damage and sometimes wholesale destruction. In some countries 
the stem is tapped for the sweetish juice, which is converted into 
an alcoholic, drink by fermentation. 

Botatiy and Varieties. — The agaves belong to the order 
Atnaryllidesa, to which also the other important "aloe" fibre 
plants such as those of the species ' Foureroya ' belong. The 
"railway aloe" is the Agave Americana, the Sisal is the Agave 
rigida, vac, siasalana; A. Mexicans also yields an important fibre 
while A variegata is an ornamental plant as well. Belonging to 
the species Foureroya are the F. gigantea, F. variegata, and 
F. longseva. The green alee or Mauritius hemp is also referred 
to as A. cantala. The agaves are plants that appear to consist of 
nothing more than a cluster or whorl of leaves springing from 
ground level like a rosette. The leaves are however crowded 
densely around a thick sappy stem, which is short, single and un- 
branched and is completely hidden by the leaves- The leaves 
themselves are thick and fleshy, long and narrow, with a spiny 
tip and often a more or less spiny margin. The leaves are flat or 
with a deep central groove running the whole length of the 
upper surface. The leaves are very strong, and are from three 
to five or even six feet loog and about four to six inches wide. 
The width is more or less uniform throughout and narrows only 
towards the pointed tip.. The leaves are smooth and glaucous, 
green or bluish with an aatay gray bloom on the surface. The 
flowers are borne on a pole-like scape in fascicles. The perianth 
is six-lobed and funnel shaped, the stamens are six in number, 
the stigma is three — lobed and the ovary is three-celled and 
inferior. This character, viz., the inferior ovary distinguishes 
the agaves from the true aloes with which they are generally 
confused and which have a superior ovary though in other 
respects both are very similar. Fruits are normally formed and 
contain numerous black flattened seeds. Frequently however 
bulbils or plantlets are formed instead. 

Pests and Diseases. — The agaves are not subject to any 
serious pests. The shoot is sometimes attacked and bored, 
through by a beetle resembling the rhinoceros beetle; when the 
shoot grows and the leaves unfold the latter are found to be cut 
through by holes about an inch in diameter. Leaf spots are also 
found, due to a fungus disease; -these spots or patches widen 
gradually, become black in colour, dry up and form a hole on the 
leaf. The disease can be controlled by spraying with Bordeaux 
mixture.. 

Areas and Trade. — Though plantations were started in 
several parts of India such as near Kurla in Bombay, near 
Hindupur and Salem in Madras, in Gunjur near Bangalore in 
Mysore and near Fraserpet in Goorg at various times during the 
past thirty years they had to be abandoned after soma years of 
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successful working, due among other causes to low prices of the 
fibre. Throughout these tracts and South India generally 
millions of agave plants of different kinds exist, from which 
considerable fibre is extracted and utilised as a domestic or 
subsidiary industry. There are also some rope-making factories 
handling the fibre. There is a fair amount cf import trade in 
the fibre. In the year 1937-38, the quantity imported was 
45,827 cwts. valued at Es. 8,23,160. 



V. JUTE (Corchorus capsulars). 

Vernacular names for JUTE :—Kawiada—Gom ; 
Bengalee— Vat, Pata, Kashta. 

One of the most important commercial fibres of the world, 
which is also peculiar in the fact that its cultivation is entirely 
confined to India is Jute, called also Bengal Jute. Its import- 
ance in India may be judged from the value of the quantity of 
raw and manufactured jute annually exported from India, which 
in the year 19157-38, amounted to some 43 crores of rupees. 
The history of the cultivation of jute in India and the growth 
and development of its manufacture in the country is remarkable 
in that the crop has within less than a century risen from 
being, a comparatively insignificant crop raised for furnishing 
the rough cordage and woven fabrics required for the domestic 
needs of the cultivator to one that is now among the foremost 
industrial crops of the world. Its cultivation is also peculiar in 
that it is confined to one particular tract of India, viz., the 
north eastern corner of the country in the provinces of Bengal 
and Assam, in the extensive river delta of the Ganges and the 
Brahmaputra rivers. Its cultivation has been attempted in 
many other parts of India and in many foreign countries but 
has everywhere failed to establish itself or assume any material 
importance. India therefore commands a monopoly of the jute 
supplies of the world. Measures adopted with the object of break- 
ing this monopoly have been the attempted use of many substi- 
tutes like other fibres and paper, and the method of handling 
grain and produce in bulk, thereby avoiding the need for bags. 
These have in noway reduced the importance of jute nor its 
world-wide demand. 

Distribution. — The jute plant is considered to be native to 
the coastal tracts of the Mediterranean Sea, though in India 
itself it was known even in Vedic times, The fact that at pre- 
sent its cultivation is confined to Bengal and that attempts to 
introduce it in other parts of the world have not been successful 
as commercial enterprises cannot be taken to prove that no other 
part of the world is suitable for its cultivation. ks a matter of 
fact jute cultivation has been found possible in many countries 
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such as Formosa, China and even Japan, Thailand (Siam) 
Egypt, Iran, Paraguay and Brazil, showing that it can grow as 
far north as even Japan and north China. Agronomically its 
cultivation is thus possible over many different parts of the 
world. It is the other advantages which Bengal enjoys vis., its 
unlimited resources in cheap and skilled labour accustomed to 
the exacting methods of its cultivation and especially the extrac- 
tion of the fibre, its unparalleled facility in regard to water 
for retting, for cheap transport and for irrigation, the technical 
knowledge and practical skill in every detail of its cultivation 
and manufacture, the great hold it has secured in the world's 
markets by virtue of its long established character, the vast areas 
of land available in such an advantageous tract and such econo- 
mic or extra-agronomic factors that operate in favour of Bengal 
as against other parts of the world. 

Outside of India its cultivation is therefore negligible. In 
India itself fully 90 to 95 per cent of the total area is to be found 
in Bengal and Bihar while the remaining 5 to 10 per cent in 
Orissa, Assam, Cooch Bihar and Tripura. Even in Bengal the 
bulk of the area is concentrated in a limited tract, lying east of 
a line extending from Purnea to the 24 — Pargannas and west of 
a line extending from Goal para to Noakhalli. 

Climate. — The climate of the above tract and indeed the 
soil and other conditions as well have to be considered the most 
suitable for jute. " A warm and damp climate and yet not too 
much or incessant rainfall " — this is a description of the climate 
of the jute tracts. The tract is nearly all at sea levfil or within 
an elevation of 200 feet at the most. The rainfall ranges from 
50 to 70 inches in the year and the rainy period extends from 
March to October, and the other months are not altogether rainless. 
Sometimes there may be early rains in February itself to permit 
of ploughing the land. Atmospheric temperatures during the 
rainy months are rather uniform around 83° F., while in the 
cold season the range is from 68° to 75° F., the yearly mean 
temperature being about 78° F. These figures relate to Dacca 
and may be taken as typical, Much land is subject to floods 
and submersion, but the jute crop flourishes without any detri- 
ment even under such conditions, the growth being luxuriant 
though the fibre may be somewhat inferior. The bulk of the 
land is however high lying and not subject'to flooding. 

Soils. — Juto soils are all mostly deep river alluviums very 
fertile naturally, which get in addition a deposit of silt with the 
floods of each year. They are mostly light sandy loams. The 
crop however can be grown on practically any kind of moderately 
good soil, provided it is not highly gravelly or lateretic or very- 
sandy. Some strains of the plant are able to grow even when 
there is considerable salt in the soil. 

Rotations. ~ The jute crop has to be grown under a definite 
system of rotation, and a succession of two jute crops one after 
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the other on the same land without a rotation has been found to 
be detrimental. On land not liable to flooding the rotation crops 
are one or other of the following, viz., rice, wheat, tobacco, pulses, 
barley or^ats. On land subject to flooding, lowland paddy 
suited to this class of land is the only crop fit for rotation.. 

Cultivation. — The earliest sowings of jute are made in fields 
subject to flooding and this is usually in the month of March. 
The preparation of the field has to be from March onwards and 
depending upon the situation of the field sowings may continue 
up to the month of June. With the rains of the different months 
the fields are ploughed and cross ploughed several times, clods 
broken, and all weeds collected and burnt. Cattle manure and 
household refuse and sweepings are applied as much as may be 
possible and this together with silt and river mud from the 
canals and' ponds forms about the only manure. After 
the manure is worked in, the field is levelled by levelling 
boards and made ready for sowing. Jute seed at the rate 
of ab'out 9 or 10 lb. per acre is sown either in rows about 
9 inches apart or by broadcasting. In the latter case 
the young crop has to be thinned out considerably by means of 
toothed hoes.' The seeds sprout in four to seven days and after 
the young crop shows well above ground interculturing between 
the rows is carried out twice at intervals of a fortnight and later 
on the field is handweeded. The plants are left standing at 
distances of about 9"x4"as the result of these operations. 
When the crop which was sown broadcast is thinned out the 
stand is also more or less the same, or a little closer, viz., 5"x5", 
or 4" X 4". It is also sometimes the practice to sow a nursery 
and then transplant the seedlings. In five or six months after 
sowing, the crop is ready for harvest. The harvest of the early 
sown crop begins in July and continues throughout August, while 
for the main season crops, harvest is in the months of August 
and September. Including the harvest of the late varieties, the 
harvesting of jute may be said to go on from about July up to 
even November. 

Both quality and quantity of fibre are influenced by the stage 
at which the crop is harvested. The best time to cut is when 
the fruits have just formed; if cut earlier the produce suffers in 
quantity, and the fibre lacks strength though it has a good white 
colour. If cut late the fibre is coarse, lacks colour but the yield is 
heavier. Generally it is practical convenience which decides the 
time of harvest by the cultivator, which has to be spread over a 
much longer period than may be deemed correct. Sometimes 
for the sake of the seed, crops are left standing until the fruits 
are quite mature. The fibre becomes very coarse, but a much 
larger yield is obtained in addition to the seed. 

Harvesting consists in cutting down the plants by means of 
ordinary sickles quite at the level of the ground ; in many fields 
water stands so deep that the men have to dive several feet and 
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cut the stems down. Plants may also be gathered by pulling 
them out by the roots. 

Extraction of the fibre. — As in the case of the other bast 
fibres like ' sann hemp ' and 'Hibiscus cannabinus ', the jute 
stems have to be retted in water in order to free the bark and to 
loosen the fibres from the gummy and other adhering material. 
The harvested plants are for this purpose tied up into small 
bundles, and kept piled up for a few days, so that the leaves may 
wilt and drop ; they are then trimmed of the top and branches 
and of the roots, where necessary, and taken to the retting tank, 
or pool, river or canal margin. Very often the plants are taken 
straightaway without any preliminary stripping of ,the leaves, 
as high lying land may not be available for heaping the bundles. 
The stagnant water of pools and tanks is preferred to. the flowing 
water of rivers and canals, as retting takes place quicker in tbe 
former. The bundles are pushed under water and kept immersed 
by being weighted down with clods of earth, bundles : of water 
hyacinth or plantain stems, as stones are not easily obtainable in 
these tracts. It is found that the water hyacinth expedites the 
retting in addition to not discolouring the fibre as is the case 
when clods of earth are used. As the retting progresses the 
bundles are examined from time to time to see that the proper 
stage has been reached and that no over-retting takes place. In 
about ten days in the hot weather and in a longer but varying 
period which may extend to even 25 days in the cold weather 
the retting is complete. 

The. colour and the strength of the fibre are much influenced 
by the retting process and the water used for tbe purpose. If 
the plants are over-retted some of the gummy matter dissolves, 
discolours the fibre and renders it weak. Clear water gives a 
clean fibre of good colour while muddy water, especially when it 
has been used for more than one retting, spoils the colour. 
Hilt iaden waters flowing through ferruginous soils also discolour 
the fibre, Stagnant water is often used again and again for 
retting as on account of the increased bacterial action each of the 
rettings is finished quicker than the one, preceding it ; the practice 
however leads to much discolouration of the fibre. 

Stripping and Washing. — After the retting is completed the 
fibre has to be stripped from the jute stems and then washed. 
This work is very laborious, exacting and requires great skill and 
practice. The men have to stand waist deep in the water all the 
time and strip the nbres by hand, handling the stalks one by one 
or in small bundles of a handful at a time. The method of strip- 
ping consists in beating the root ends with a mallet first and 
after breaking off the stem at this end, and wibh the free ends 
of the bundle of fibres caught firmly in one hand jerking the 
stems backwards and forwards in the water, until the whole 
length of the fibre is stripped free from the stalks. If handled 
singly, the fibre is slowly peeled from the root end upwards after 
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bruising the root end free from the stalk. The fibres are then 
washed clean from adhering bits of stem and bark and are taken 
out for drying. The work is very-slow whatever method is adopted 
and one man ordinarily strips about 40 lb. of fibre in a day. 

The washed fibre is hung out on bamboo frames to dry in 
the sun. About two or three days of sun drying is sufficient to 
complete the process. The fibres which are in long strands some 
six to eight or ten feet in length are then made up into small Jots 
by tying them at the top ends and in this condition are ready for 
sale in the primary markets. 

Yield of Fibre. — The yield of fibre per acre varies a great 
deal in the several districts'. A careful inquiry puts down the 
yield ,.at 12J mds. an acre. Yields may vary from nine mds. 
which is low to about 18 mds. which is a very high yield. A 
good yield may be taken as 15 or 16 mds. per acre. 

The stage at which the crop is cut affects the yield 
materially. Thus, in experiments with the Capsularis variety it 
was found that harvesting at the bud stage, at the flowering 
stage and at the fruit stage gave 17 mds. 22 seers, 19 mds. 16 seers 
and 21 mds. 38 seers per acre, respectively. (1 md.-40 
seers-82§ lbs.) 

Botany and Varieties.— -The jute plant belongs to the 
natural order Tiliaceae, and the genus Corchorus. The genus ^ 
comprises several species, of which those under cultivation are the 
' Corchoras capsularis ' and the 'Corchorus olitovius.' Improved 
strains have been isolated in both species : viz., the one called 
"Kakya Bombai," and especially D. 154, in the C. capsularis and 
the strain called Chinsurah Green in the C. olitorius. The two 
species have many characteristics which distinguish them sharply 
from each other. Thus the stem of C. capsularis is purple or 
light green in cobur and that of the G. olitorius is light green or 
pink. The leaves of the C. capsularis are bitter while those of 
the 0. olitorius are edible. The fruit of the C. capsularis are 
round capsules while those of the 0. olitorius are cylindrical pods, 
and the seeds of the former are oval in shape and deep brown in 
colour while those of the latter are pyramidal in shape and blue 
in colour. The fibre of G. capsularis is ordinarily white and is 
not so soft or strong as that of the G. olitorius. TheO. cap- 
sularis thrives well on both high lying and low lying land whereas 
the G. olitorius can be grown only on high land and cannot stand 
flooded conditions. The G. capsularis is also the more hardy 
: species and is much more adaptable to varying conditions. It is 
therefore the species grown very largely; about 75 per cent of 
the jute area is under C. capsularis and the C. olitorius occupies 
only the remaining 25 percent. The C„ olitorius is however the 
fibre which is more in demand for export as its fibre is much finer 
than that of the 0, capsularis. In the trade the two species 
'capsularis' and 'olitorius ' are known by the names of ' white 
jute' and 'tossa or daisee jute' respectively. 

24 
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Pests and Diseases. — There are no serious insect pests or 
fungus or other diseases attacking the jute crop. Occasionally 
the stems are attacked by small weevils Apion spf. These are 
small black weevils which breed in the stem tunnelling half way 
round and generally near the axils of the leaves. The attacked 
plants may become stunted in growth and even wither. 

A leaf-eating semi-looper, Cosmophlia sabalifera, is also found 
attacking the leaves occasionally, both leaves and leaf buds being 
eaten. The growth of the main stem ceases and many side 
shoots and branches arise. Neither pest is of any serious import- 
ance. 

Among fungus diseases, the jnte plant is subject to the 
attacks of a root-rot, caused by Rhizoctonia spp. The attack is 
seen in plants in all stages of growth. In the seedling stage the 
disease is somewhat like a " damping off." In older plants the 
attack is on the stem at ground level ; in the diseased area the 
outer tissues become black in colour and soft and partially 
disintegrated. Some leaves are also shed and the plants begin to 
dry up as though they were ripe and ready to cut. The stems 
however do not break or collapse. Only preventive measures are 
possible and these consist in adopting a suitable rotation and 
avoiding the growing of jute in the infected soil for two or three 
years. 

Chemical Composition and Uses. — By far the largest and 
most important use of jute is for the manufacture of woven 
pieces which are made use of packing cloth, hessian and for 
stitching into bags. These are all in demand all over the world 
for the wrapping of bales of cotton and wool and holding grains, 
pulses and other produce and for use as sand bags. Many differ- 
ent fibres and other materials such as coir, sisal, sann and other 
hemps, cotton, etc., have been tried as substitutes for the purpose 
of making bags but none has been found as suitable as jute. 
Recently paper has been substituted with some amount of success 
for jute in wool packs from Australia and new materials called 
' Jutilal ' (typha fibre) ' Esparto grass,' ' Ginster ' (furze) are 
claimed to hold out promise. In spite of everything jute 
undoubtedly reigns supreme. As woven cloth jute is made use 
of for linoleum, oilcloth, tarpaulins, carpets, rugs and other floor 
covers, curtains, tapestry, linings and upholstry, etc. As cordage 
it is used for ropes and twines and as loose fibre for tow, 
stuffing, theatrical wigs, oakum and so on. 

The jute fibre is very inferior to many other fibres in 
strength. Bags, hessian and sacking all wear out soon by mere 
usage. Jute fibre is also quickly damaged by damp and rots in 
contact with moisture and is therefore not fit for under- water 
use. The fibre takes up dyes readily and can be woven in 
coloured patterns but the colours fade quickly. It can be also 
bleached but the bleaching is not permanent and the material 
soon turns yellow. Jute is also used to mix with flax as an 
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adulterant in linen. Tn contrast with cotton and linen, Jute has 
a low content of cellulose and a good proportion of the cellulose 
is of the inferior lignocellulose kind. The composition of average 
samples of jute is as under : — 

Moisture Cellulose Peotic matter Fats, "waxes and gums Aqueous Ash 

extract 
9*9 63'9 241 0'4 VO 07 

Production and Trade. — The total area under jute in India 
(1939-40) was 3,120,000 acres, made up of the following provin- 
cial and State acreages : — Bengal, 2,504,000, Bihar — 266,000 
Assam— 281,000, Orissa — 23,000, Cooch Bihar and Tripura— 
46,000. 

The annual production shows considerable fluctuation and 
has varied between approximately niue million and ten million 
bales (of 400 lb. each) per year between 1932-33 and 1937-38. 
It is estimated that the production can be increased to 15 million 
bales, if prices are attractive and the seasons favourable. 

About 60 per cent of the total production is utilised within 
the country and the remaining 40 per cent is exported. The 
average yearly exports amounted to 3,978,000 bales, during the 
ten year period ending 1938-39. 
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SECTION VIII. 

NARCOTICS. 

I. TOBACCO. (Nicotiana tabacum.) 

Vebnaculab names:— Kannada — Hogesoppu; Tamil — Pogailai; 
Tehcgu — Pogakct ; Malay alam — Pogaila ; Hindustani— Tamaioj. 

The tobacco crop is grown for the sake of its leaves which 
when used as a cured product exert a mild narcotic and soothing 
effect on the, human system. It is enjoyed and used on this 
account by people of all races throughout the world. Smoked 
as pipe, cigar, cigarette or 'hukkah', used as snuff or chewed as a 
quid in many forms, it is enjoyed by people in all walks of life 
and all grades of society, by men and women, both old and young. 
The use of tobacco is however only a comparatively recent intro- 
duction to the modern world dating from the Spanish conquest 
of America. As in the case of the potato, the South American 
continent is the native home of the tobacco plant and its use was 
learnt and copied by Europe as the result of the contact of the 
people of Europe with America. To Sir Walter Ealeigh is 
ascribed its introduction as a fashionable habit into England. 
Its use and cultivation in India dates from the arrival of the 
Portuguese in India and both have spread rapidly with the growth 
of communication by sea and land with western countries. 

Distribution and Climate. — Tobacco is grown under a very 
wide range of conditions ; it is as much a plant of the tropical 
zone as it is of the sub-tropical and temperate zones. On both 
sides of the equator are to be fovmd some of the most important 
tobacco growing countries of the world, famous for the choice 
varieties of the leaf and over the greater part of the sub-tropical 
temperate zones lie equally important areas notable for the extent 
and for the varieties grown. As tobacco is only a three months 
crop it is possible even in the countries of the far northern and 
southern latitudes to grow the crop, as summer temperatures 
prevail for this short period at least. The southern and south- 
eastern States of the United States of America, Canada, Central 
America, Mexico, the West Indian Islands famous for the. 
Havana tobacco, the Guianas, Brazil, the northern and eastern 
Republics of South America, the fhilippines, Java, Borneo, 
Sumatra and other parts of the East Indies, the Indo-Chinese 
peninsula, the Japanese empire, China, India, Persia, Asia-Minor, 
Southern Russia, Turkey, Germany, Austria, Holland, Belgium, 
Italy, Spain, Egypt, Bhodesia and many other parts of the: 
African continent, are all countries where tobacco is largely 
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cultivated. In India the crop is cultivated in every 
province, including Assam in the east and the North- 
Western Frontier Province in the west to such a large extent 
that in the aggregate the Indian production is reckoned as the 
second largest in the world, and not far below that of the United 
States of America which is the largest individual producing 
country. Tobacco can be grown also over a wide range in respect 
of altitude. In island countries and coastal belts, the crop can 
be seen growing from sea level and almost up to the edge of the 
sea as in Malabar and Jaffna, while inland cultivation is carried 
on with great ease in the Mysore plateau at altitudes of 3,000 
feet ; in Afghanistan and the Frontier provinces cultivation may 
be seen at altitudes of even 6,000 feet. In the Dutch East 
Indies tobacco of choice varieties are gvown likewise at altitudes 
reaching 4,000 feet. The temperature during the growing 
season for tobacco varies from about 60°F. as a minimum to 
100° and even 105° as a maximum. When grown as a rainfed 
crop tobacco requires only a moderate rainfall. About 20 inches 
will be enough to see the. crop through, if spread well over the 
growing period. The crop cannot stand a heavy rainfall. It is 
not grown where the seasonal fall exceeds 40 inches and is there- 
fore not suited for growing in the monsoon season in tracts of 
heavy rainfall like the malnads of Mysore. The rainfall has to 
be well distributed over the growing season. Heavy rainfall 
when the crop is maturing its leaf is detrimental in the case of 
the ordinary varieties of tobacco for the reason that the rain 
washes away the resin which forms at that stage over the leaf 
surface and thereby reduces its quality, The seasons have to be 
properly adjusted to the requirements of curing also. Usually 
bright rainless weather is required at this time, although in the 
method of barn or flue curing thi« is not all-importaat. The 
curing also requires a fair degree of humidity in the air, so that 
cured leaves do not dry into a brittle condition, making the 
handling of the leaves without damage almost impossible. Gene- 
tally a moderate rainfall in the growing season followed by a dry 
season in which the humudity does no go below 80 is required 
for tobacco. When it is grown under irrigation the quantity of 
minimum rainfall is of course not of much consequence but the 
requirements as regards humidity at the curing period will have to 
be met. The subject 1b further gone into in connection with the 
methods of cultivation and curing. 

Soils. — The soils best suited for tobacco are the red, light 
and ash coloured loams, more inclined to be sandy than other- 
wise. The typical red loams of Mysore which form the predo- 
minant type have been found eminently suitable. Soils of the 
alluvial type in river valleys, banks and deltas are much esteemed, 
Drainage is very important as in the case of many garden crops. 
The tobacco crop has roots which are much sensitive to heavy 
rainfall or irrigation without adequate drainage. Soils have to 
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be naturally well drained being underlaid by porous easily perco- 
lating deeper layers and by proper situation. When the situ- 
ation needs it, ample drainage will have to be artificially provided, 
especially in irrigated cultivation. Tobacco is a deep rooted crop 
with a wide range of root system and soils have therefore' "to be 
deep and uniform in texture, free, from grit, gravel and stones 
and easy of working. Though the above mentioned lighter types 
of soil are considered best, soils of the heavier types and even the 
black cotton soils, and in many foreign countries soils with a 
large admixture of leaf mould and decaying vegetation and of 
great natural fertility are utilised for tobacco. In the large 
tobacco areas of the Guntur District of Madras and in Southern 
Bombay extensive stretches of black cotton and other heavy 
types of soil are grown with tobacco. 

Rich and heavy types of soils tend to make the leaves 
larger, thick and coarse and this sort of leaf is not fancied for 
the thin, light and tough, bright curing kinds required for the 
cigarette trade. The former have their special uses, equally 
important and possess their own market. .Even on these the 
lighter cigarette types can be grown with proper changes in 
the method of cultivation designed with a view to reduce the 
nourishment going into the buildiDg of the leaves. 

Tobacco is grown even on exceedingly sandy soils approxi- 
mating to almost pure sand in coastal regions. On the west 
coast in South Ganara and Malabar, for instance, and in the 
Jaffna District in Ceylon cultivation may be seen on this type of 
soils. This crop also commands a special market as chewing 
tobacco. 

As different varieties of tobacco are cultivated, each suited 
to a different kind of product, such as cigar (wrapper and filler) 
pipe, cigarette, chewing (dry and pickled) and snuff, as even 
among these each one has classes and brands suited to different 
regional tastes and as the soil requirements are somewhat 
different for these varieties, it is possible in the case of tobacco 
to adjust varieties to soils. As a general rule it may be stated 
broadly that the heavy and "naturally "fertile soil's "are preferred 
for the largeheavy bodied leaves, used for cigar fillers, pipe, plug 
ana-chewing and the light sandy- and somewhat less, fertile soils 
forjjhe bright curing thinner and high priced leaves such as are 
required '""for "cigarettes, cigar wrappers and high grade pipe 
tobacco. J. It ' should be noted however that the composition of 
the irrigation water somewhat modifies the character of the soil 
in this respect. Many well waters contain dissolved salts of differ- 
ent kinds such as chlorides, nitrates, sulphates and carbonates 
and these exert material effect on the quality of the leaf irres- 
pective of the nature of the soils. In Gujarat some of the well 
waters are found to contain nitrate of potash which favours the 
growth of the leaves and tends to give very large yields of leaves 
with a high burning quality. 
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notations. — Tobacco is a crop requiring only three months 
to harvest from the time of transplanting. It is a crop which is 
grown both as a purely rainfed crop and as an iriigated crop. 
When grown as a rainfed crop, tobacco forms the only crop 
grown in the year. This is due to the fact that the soil is 
ploughed and reploughed several times, prepared thoroughly 
during the early and the main monsoon rains and the tobacco 
planted when the heavy rains are comiDg to an end. The 
preparation of the field goes on until the month of August, 
when the tobacco is transplanted; by the time the crop comes to 
harvest the season ends and no other crop can be grown. In 
such cases tobacco is rotated (1) with nearly always a grain crop 
like ragi, which may or may not be followed in the same year 
with horsegram, (•<>,) with horsegram or a mixture of horsegram 
and niger or (3) with 'gingelli '. If the ragi was sown mixed with 
the usual pulsecrop, ' avare ' or ' togare' then the ragi pulse mixture 
forms the rotation crops of the year. On black cotton soils 
tobacco may be followed by jola, or groundnuts grown either as 
the sole crops of the year or followed by a second crop of horse- 
gram, Bengalgram, coriander or onions. As the tobacco crop is 
grown over only a portion of one's holding it is rotated with a 
different crop or set of crops each year selected out of this variety. 
Grown as the single crop of the year, tobacco is often made use 
of to give a segond or ratoon or stubble crop, which springs from 
the stubble left over "on the harvested field, and which though 
small in quantity is generally considerable on retentive soiis 
Tobacco grown as an irrigated crop is cultivated largely under 
well irrigation, or from tank or river channels either solely or 
supplemented by well irrigation. The cultivation over large areas 
of channel irrigated tracts, wh(-:re rice and sugarcane are the crops 
ordinarily grown, has been newly started in Mysore, the variety 
being the cigarette type ' Harrison's special,' and the crop of 
green leaves being purchased by the Mysore Tobacco Company 
for being flue-cured. In these areas the practice of growing two 
crops of tobacco on the same field, one in the early season and 
the other in the late season, is being introduced as a new feature. 
Tobacco will in these areas form part of a rotation with rice, 
irrigated cotton and sugarcane. These practices are however 
quite new and further experience may perhaps bring about 
changes. In the older tobacco areas which depend either entirely 
on well irrigation or well irrigation supplementing tank irrigation 
tobicco follows a crop of rice or irrigated ragi. Other commer- 
cial crops like onions and f, arlic, sugarcane, groundnuts, turmeric 
and so on, are included in the rotation and the tobacco crop 
follows one or other of this variety of crops. In these tracts 
tobacco is grown in two seasons, one in the early part of the 
year — from January to June— and the other in the latter part of 
the year — October to March — on account of the ample facility 
available for irrigation. It is not unusual also for two crops of 
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tobacco to be raised in the same year on the same field or to 
grow a crop of tobacco every year for two or three years con- 
tinuously without rotating it with any other crop. These practices 
should be considered exceptional ; they are confined to certain 
villages where tobacco is the customary money crop and is never 
omitted whatever the difficulties may be. 

Cultivation Methods- — 1. Rainfed Tobacco. — -The prepara- 
tion of the field for tobacco has to be very thorough. When it 
is to be cultivated as a rainfed crop the fields are ploughed with 
the first good rains received. The ploughing is repeated with 
every succeeding rain. Stubble and weeds are collected and 
burnt and the ploughing is repeated. Not only is the field 
brought into very good tilth and thoroughly cleaned by these 
repeated plonghings but future weed growth is largely prevented 
so that the young tobacco will grow in almost perfect freedom 
from competing weeds. Prior to one of the later ploughings 
cattle manure is carted at the rate of 'iS cartloads an acre and is 
ploughed in. The field is generally left in a state of fine tilth 
almost like blown sand, preparatory to the transplanting of the 
tobacco seedlings. These operations usually take from the month 
of May to the month of August. The various tillage operations 
can be carried out with improved ploughs and the bladed 
'kuntes' or harrows wbh greater economy of labour and cost. 
The operations ■ will however have to be repeated at suitable 
intervals as all the different weeds do not sprout at the 
same time and have to be destroyed as they sprout and 
appear above ground. Another important object of snch 
prolonged tillage is to store up soil moisture and conserve 
it for the use of the crop. They a,re well adapted to the tracts 
concerned, where the bulk of the rain falls before the month of 
September and the last quarter of the year is one of very little 
rainfall followed by a period which is quite rainless and is well 
suited for the open air sun-curing methods in vogue for the 
curing of the local varieties of tobacco. As a matter of fact, thft 
cultivation of tobacco as a rainfed crop in the Mysore State is 
largely confined Lo the western taluks of the State where the 
distribution of the rainfall is as described above. 

Tobacco Nursery. — Simultaneously with the commencement 
of the tillage operations in the field the growing of a nursery has 
to be begun. As tobacco seedlings are transplanted when they 
are from six to seven weeks old the nursery has to be sown this 
period ahead of the transplanting and the nursery bed itself to be 
prepared and made ready earlier still for sowing, As individual 
growers cultivate only small areas of an acre or two, the nur- 
series are small and are generally made in the backyards of the 
houses or in the well enclosed stack yards close to the houses. 
AJjed. lOleet by 15feel...wiJ.l furnish enough seedlings for an acre 
and the required extent of nursery bed is marked out according to 
the area to be planted. The bed is well dug to a depth of 18 
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inches, stones, gravel and the roots of weeds are removed and 
the earth reduced to fine tilth. The bed is now laid out slight- 
ly elevate! above ground level for facility Oi drainage of rain 
water, and with a low rim along the margins. The soil in the 
bed has to be very tine, almost like fine sand. On this dry bed 
dry leaves and straw are spread and the layer burnt thereon. 
The ashes are lightly stirred in and the bed well levelled again, 
and divided into three or four narrow beds by small bunds. It 
is now ready for sowing. The tobacco seed is exceedingly small 
and an ounce of it may contain some 3J to 4 lakhs of seeds. 
The quantity required is therefore very small and the seeds 
have to be sown in such a way that they ate distributed 
uniformly. About as much seed as will stand on a three-pie 
piece will give enough seedlings for an acre. The required 
quantity is taken and mixed thoroughly with ashes or fine soil 
and then scattered thinly and uniformly over the bed. It has 
been found that if the seeds are well dried in the sun prior to 
sowing the germination is much better than otherwise and this 
point should be noted and attended to. It may be helpful if the 
mixture of the seed and ashes is divided into three or four equal 
parts and the bed too marked into the same number of equal 
parts and then to sow one part of the seed mixture into each 
part of the seed bed. In this way an even distribution may be 
secured. It will be also advisable to rub the seeds before 
mixing them with the soil in the palm of the hand with a little 
kerosene oil. This will to some extent prevent the seeds from 
being carried away by ants from the seed beds. The soil is now 
lightly stirred and tamped or pressed with the hand so as to 
compact the surface. The bed is now thinly watered from a pot or 
watering can in such a way that the water soaks in without flowing 
over the surface of the beds and washing the seeds to one side or 
the other. Sand or fine soil is now strewn very thinly over the 
beds to cover the seeds. The bed is watered regularly once a 
day in the same careful manner. In five days the seeds sprout. 
The bed should be given a light thatch by covering it with a 
thin layer of straw or date leaf frond. The thatch can be re- 
moved after the seeds are well sprouted. The seedlings make 
rather slow progress in growth in the beginning, but once the 
leaves show well above the ground, growth is quick. As the 
seedlings have to remain in the bed for nearly a month and a 
half, it will be well to provide against any possible rain which 
may damage the bed and wash off the seedlings. A bamboo 
mat or ' thatti ' should be kept handy and in the event of rain this 
should be put over the beds supported on pegs or bricks at the 
sides and corners so that it lies well above and clear of the seed- 
lings. The beds should be carefully weeded once or twice and 
kept regularly watered. In about forty dayjLih.fi .plants are well' 
grown, some six to eight inches in height and with four to six' 
leaves. About this time they are fit for transplanting. When; 
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tobacco is being cultivated as a rain-fed crop it may not be pos- 
sible to transplant the seedlings at the correct stage on account 
of the Jack of timely rains and the seedlings may in such cases 
become too old to transplant. Seedlings are in such circumstan- 
ces borrowed or purchased from neighbours who may have 
younger nurseries and surplus seedlings. But if the area to he 
grown is at all large then it will be advisable to have two or 
even three nurseries, the second sown after t.he lapse 
of a week and the third after a fortnight from the first 
sowing. These nurseries are generally too small to be 
considered expensive and they insure one against a frequent 
risk. 

Transplanting. — The transplanting of tobacco seedlings is 
taken up after there has been a good soaking rain. The field 
which has been prepared and kept ready by this time is now 
laid out for planting by means of plough furrows, ploughed 
lengthwJse-.aB'd ■ OTOSsw-isa.,ak,distances, of __ 3>' .from each other" in 
good soils or from 2§' from each other in ordinary soils. At the 
intersection of these furrows sheep or cattle manure is applied 
and well mixed at the rate of two large double haadfuls for each 
pit. The tobacco seedlings which are carefully removed from 
the nursery, after heavily watering it to make the pulling out of 
the seedlings without damage easy, are brought in and trans- 
planted in these holes at the rate of two each, or in the case of 
good stocky seedlings at the rate one each. The planting of 
two seedlings is only to guard against failure, in the belief that 
one at least will survive. Later on when the seedlings have 
established themselves, if both the seedlings survive one of 
them is removed. The transplanting is carried out in the 
evenings and if the ground is not moist enough then the pits are 
hand-watered. In the following morning, little leafy branches 
of brush wood are brought in and one is stuck in close to each 
seedling as a light protection against the sun. If there is no rain 
on the following £ev? days, the plants are hand- watered thrice 
every clay, for about three days, water being carted to the fields 
for the purpose. After the plants establish themselves inter- 
culturing is taken up. This consists in lightly Etirring the soil 
by working a bladed hoe, with the blade turned away from the 
bullocks between the rows both along the length and along the 
breadth of the field. The later hoeing is done in the usual 
way and is deeper. Around the bases of the tobacco plants 
a certain amount of hand weeding is also done if necessary. The 
last interculturing is carried out by ploughing between the rows 
and this is repeated until the plants grow up and working with 
bullock implements becomes impossible. The plants grow 
quickly and vigorously and when they are about three or three 
and a half feet high they are ' topped ', that is to say, the top of 
the main growing shoot is cut off. The plant at this stage is 
left with 12 to 16 good leaves. Usually the plants reach the 
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topping stage about 45 days from transplanting. The topping is 
usual iu all local varieties in which large thick leases which cure 
heavy are desired. The object of the topping is to di.ert all the* 
nourishment to the development of the leaves and for the elabora-| 
tion of the material giving the leaves their quality when cured | 
If the plant is left untopped then the main shoot grows normally |, 
develops more leaves and eventually a flower stalk carrying the 
flowers appears, which set and ripen seed in the usual manner. 
The energy of the plant and the shored material in the leaves 
which may be required for this further growth, flowering and 
setting of seed is conserved and directed to the development of 
the leaves which are left on the plant, when topped. A plant 
here and a plant there are however purposely left untopped so 
that they may flower and set seed and meet the requirements 
for Reed in the following year. After the plants are topped, 
shoots called ' suckers ' begin to grow from the leaf axils quickly 
and vigorously and these have to be pinched off and removed. 
The field has to be gone over carefully and many times so that 
these suckers may be completely removed as they appear. The 
removal of the suckers is an extension of the topping and has 
the same object, viz., to prevent the energy of the plant from 
being diverted to parts other than the leaves left for ripening. 
About the end of the third month after transplanting, the leaves 
become ripe^^6ugllT6"cut. As the leaves are not all of one age 
they do not ripen at one and the same time, but do so one after 
the other and the best method of harvesting will be to gather 
the leaveb in three or four intervals. This is not generally done 
in the case o E the local varieties and the harvesting is made 
when the bulk of the leaves is ready although some may be 
short of the correct stage. Ajs, the leaves ripen they become 
sticky to the touch due to the formation of a resin on their 
surface. Rain at this stage is detrimental to the quality of these 
leaves as it washes off this resin to a great extent. The signs of 
ripeness, in the leaves are the formation of yellow spots here and 
there on the surface, a somewhat limp appearance and later the 
spreading of the yellow colour over the leaves. 

Sun-Guring. — The method of curing the leaves in this tract 
of rainfed cultivation is as follows: — The plants are cut. at the 
base and brought over the same day from the- field to the village 
for drying. In open spaces near the village or at the side of the 
house the drying frames are erected. These consist of a row 
of jungle wood pillars about five feet high over which bamboo ■ 
cross poles are tied or made to rest in the fork. The harvested 
plants are tied by their butt ends in two's or four's loosely and 
are hung astride these poles. All the plants are tied and hung 
up in this way. About 24 sets of such plants usually go to a six 
foot length of poles and a row comprises thirty feet of such 
sections. A cartload of leaves takes about three such rows of 
thirty feet each. The leaves are left on these drying frames for 
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one month to one month and a half. The leaves dry during 
the day time and become a little moist with the dew of the 
night. This alternation of drying and moistening is greatly 
esteemed and if it continues throughout the drying period the 
quality is very good. In the event of any unexpected rain, the 
, rows are brought closer to each other and then covered with 
mats. In 40 to 45 days the leaves are dry enough to be taken 
down- On a dewy morning the plants are taken down, carried 
indoors, untied and then laid flat on the ground side by side in 
a square. The square is raised layer by layer until the whole lot is 
piled Up. The pile is covered over with date mats, both top and 
sides, and allowed to sweat. After two days, the pile is 
opened and rearranged in a different place, the top layer of the 
first heap becoming the bottom layer of the second heap and 
viae versa. If the heat becomes too great water is sprinkled and 
the heap is opened out and rearranged. This process is repeated 
four times. The leaves are then separated from the stem, are 
tied up by their stalks into bunches of four leaves each and are 
then put up in heaps which are left uncovered. These heaps 
are turned over every two days until no more heat develops, 
which is taken as an indication of the completion of the curing, 
The cured leaves are now sorted and put up in bundles, and tied 
over with date mats, in which condition the product is ready for 
sale. The whole process is lengthy and laborious and requires 
skill and experience. From harvest to the completion of caring, 
the time taken is 2J months. This method wbioh used to be 
common for the production of tobacco intended for snuff-making 
and for chewing has in recent years been largely given up. The 
leaves are sold away after the drying is over and are not subjected 
to the curing proper. The dried leaves are broken up, put in 
bags and sold away to ' beedi]' makers who nowadays buy nearly 
all the tobacco available. 

. Irrigated tobacco. — Where tobacco is ijrown under irrigation 
and local varieties are cultivated to be sun cured, two planting 
seasons are followed, one in October and another in January. 
In both cases the curing season falls in the rainless months. 
The rotations in vogue have already been described. The raising 
of the nursery is similar to what has been described for dry 
land (rainfed) tobacco cultivation. The field to be cultivated is 
also prepared equally thoroughly and is heavily manured. The 
penuing of sheep is a common form of manuring in the tracts of 
well cultivation and a herd of 250 sheep is penned every night 
for a month over an acre of tobacco land. The field is ploughed 
once again aud laid out into irrigation beds suitable for furrow 
irrigation. The furrows are made three feet apart. Prior to 
transplanting, the furrows are heavily irrigated and then the 
seedlings are transplanted in the furrows at distances of 18 inches 
to two feet from each other. The number of plants is thu 
rnucb larger per acre than ia dry land cultivation, In the latter 
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it seldom exceeds 5,000 plants whereas in irrigated cultivation 
it may amount to 7,000 to 10,000 plants. The operations 
subsequent to the transplanting are similar, such as hand weeding 
several times and the earthing up of the rows, which in this 
case is by the splitting of the ridges and converting them into 
furrows. Further manuring is also given, in the shape of about 
half a ton of ' honge ' oil cake per acre, which is stirred in the 
irrigation water and allowed to flow in the furrows. The 
plants are topped and suckered in the same way. The signs of 
maturity in the leaves are also the same and when these are 
seen, which is about 3J months from transplanting — a period 
somewhat longer than with dry land tobacco — the harvesting of 
the crop begins. Here too there is no selective gathering of the 
leaves, and all the plants are cut down at one harvest. The 
drying and curing is by a different method which is described 
below : — 

Curing irrigated tobacco, — The plants are cut at the base 
and allowed to lie flat on the field itself to wilt and dry for a 
period of a week or ten days, the plants being turned over every 
morning. They lie on the field until the midribs of the leaves 
begin to dry. They are brought home and are arranged in the 
form of a square heap in the verandah ; once every other day the 
heap is opened and rearranged, changing the position of the 
plants at every such rearranging. This is repeated until the 
stalks are dry and lose their green colour and become quite 
brown. The plants are now stripped and the leaves are tied 
together into small bundles and put up in heaps, covered over 
with mats and weighted with large stones. After two days the 
heap is opened and rearranged and water is sprinkled if it is hot. 
The process is repeated until no more heat develops, which is 
the completion of the curing process. In some villages it is 
usual to cut down the plants when they are distinctly yellowing 
and then split them into two halves along the length of the stem. 
These two halves are then cut into four short lengths. Each 
such length will have three or four leaves together with a short 
length of the stem itself. These bits of the stem with their 
attached leaves are now strung on aloe fibre strings in lengths of 
about a yard and are heaped up to dry in bundles of thirty. 
After three days the bundles are opened, divided into two heaps 
and dried again ; after another three days each of thesa in turn 
is divided into two heaps and allowed to dry, and the process is 
finished by spreading each bunch separately to dry for three days. 
The drying is now complete to the degree required and the 
curing proper begins. The bundles are brought indoors, 
arranged in a square pile, coveted over with mats and weighted 
with large stones. The pile is broken up and rearranged after 
two days and the process is repeated until no more heat develops. 
The experience and skill of the curer is trusted in all these 
jjhree methods of sun curing to see that the heat of the 
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fermentation is just of the right degree and does not go high 
enough to spoil the tobacco. All of them take from %\ to 3 months 
to complete and require careful watching and close attention 
throughout the period. It will be seen that the process consists 
of two parts, one being a drying of the material to the required 
extent and the other the fermentation or curing proper. It is 
really the first one which takes the longest time, and it is in 
that process that local variations are much to be seen. One of 
these variations is the burying of the green leaves soon after 
harvest in a large pit and keeping it so buried for some days ; 
a great deal of heat develops in the mass which helps to soften 
the tissues and the cells of the leaves very materially and 
thereby to hasten the process of drying in the open which 
follows ; and the curing thereafter is very similar to the ones 
described already. 

The colour of the tobacco in all these methods varies from 
brown to deep brown and very dark brown. They have alt a 
strong penetrating smell of tobacco and taste sharply acrid. 
The dry land tobaccos have a better burning quality than the 
irrigated types which are heavy and gummy; the former are 
therefore purchased a good deal for the making of 'beediea '. 

%ield. — The yield of tobacco from dry land cultivation is 
about . § DO" lb. of cured tobacco per acre in a good year but may 
go down very much in years of insufficient rainfall, disease and 
so on. On the other hand very good yields may go up to 
800 lb. per acre. In irrigated tobacco the yields are very high 
and may go up to 2,000 to 2,500 lb. per acre and even the 
average may be as high as 1,500 lb.,,- 

The cultivation of cigarette tobacco. — The enormous increase 
in the cigarette smoking habit in recent years has created a 
correspondingly large demand for this type of leaf cured in the 
manner required for this product. The production and supply 
of this leaf from the TJ. S. A. has vastly increased and the 
countries within the British Empire, notably Ehodesia, have also 
become very large suppliers of this leaf. In India also the 
cultivation of this leaf and the appropriate curing methods are 
being taken up rapidly and over large areas and the cultivation 
of the local types of leaves is either shrinking in extent or is at a 
standstill. There is no doubt that as time goes on the cigarette 
tobacco will greatly increase in area and displace at a steadily 
increasing rat9 the local tobacco in many of the important 
tobacco growing tracts in India, The local methods of tobacco 
curing which have been described in the preceding paragraphs 
will to that extent bepome unimportant and obsolete, as indeed 
they have become already on account of the demand for the 
' beedi ' trade in the western taluks of Mysore. In South India 
the cultivation of the leaf has largely increased and new 
curing methods are now adopted for this leaf, The G-untur 
district in Madras is the most important tract; Mysore comes; 
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next in importance where the newly started Mysore Tobacco 
Company operates about 10,000 acres at present which is likely 
to increase very much. 

Though the cultivation methods are essentially the same as 
have been described already, there are many important features 
which distinguish the new variety and its cultivation. Aa 
regards curing, the method is entirely different. We shall now 
deal with both these aspects of the production of cigarette tobacco 
in South India. The variety of tobacco grown and now considered 
most suitable is the Virginia or yellow tobacco known aa the 
' Harrison's Special '. Other varieties have been grown in the 
earlier years of this cultivation such as Adcock and White Burley 
but these have now given place to Harrison's Special. This is a 
tall growing plant reaching some seven feet in height when it 
is full grown with the leaves springing some what more distant 
from each other than in the local varieties, which gives the plant 
a slightly more open look. The leaves are long and of medium 
width, the tips fairly pointed and giving the leaf a spindly 
shape. The leaves are smooth in surface and do not possess the 
crinkled appearance characteristic of many varieties in which 
the midribs and veins and their ramifications are slightly 
depressed below the level of the intervening leaf tissue and give 
the leaf surface this crinkled appearance. The leaves are also 
thinner and in the special method of growing {i. e,, untopped) 
become conspicuously so, as distinguished from the leaves of 
topped plants. A tough thin leaf, light in body, is aimed at and 
all methods of cultivation are adapted to this end. The soils 
selected are more of the sandy loam typ?,. a purely rainfed crop 
(provided, of course, it does not suffer any set back from drought) 
is preferred, coarse and bulky cattle manure and nitrogenous 
manures which encourage rank leaf growth are avoided and the 
plants are grown without topping. Though these are the 
rquirements in general; a good deal of variation prevails. Thus 
soils of the heavier types are, also cultivated with the variety, 
irrigation is largely practised, in fact this appears all- 
important under Mysore conditions, and where the plants are 
not luxuriant enough they are topped so as to afford greater 
scope for the development of. the leaf. The action of rain at the 
last stages is not feared so much as in the case of the local tobacco. 
The prevalence of rain at the time of curing is not a serious 
trouble as the curing is by artificial heat within closed barns. 
For the same reason a much longer period of the year is available 
for the cultivation than in the case of the local tobacco. The 
planting is generally at distances of three feet each way. As the 
crop is left to grow until itflowersand as the tobacco plants are 
cross-fertilised in nature, the question of gathering seed hag to 
be under strictly controlled conditions. In fact, neither the 
production of ■ the .seed nor the raising of the seedlings 
is in the hands of individual growers; in view of the great care 
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and technical knowledge necessary, both these branches of work 
are in the hands of the leaf purchasing companies which main- 
tain a suitable organisation for the purpose.. 

For raising seed the fields which have plants approximating 
most to the type characters are selected, and among these plants 
the best grown ones are marked as the > seed bearers. When the 
inflorescences are formed, the clusters are thinned to some extent, 
so as to reduce the number of capsules and increase the amount 
of nourishment for the seeds to be formed. The flower heads are 
now enclosed in paper bags to prevent cross-fertilisation and 
when in due course the seed capsules are ripe they are gathered. 
They are dried in the sun and then the seeds are transferred to 
trays, dried further thoroughly, sifted to remove particles of soil 
and stored in airtight tins. As it has been found that, in tobacco, 
heavier seeds give a better crop than lighter ones, a further 
selection of heavy seed is made with the aid of a special type of 
winnower. A blast of air is sent through the seed which carries 
the light seeds a longer distance; these are deposited separately 
and farther away from the heavier seeds. The latter of course 
are the seeds selected which are stored and utilised later on for 
sowing. Tobacco seed is remarkable for its viability. 
Seeds kept for ten years in suitable containers have been 
found to be quite good for sowing purposes. 

The gathering of the leaves is also different. The plants are 
'primed' at an early stage, that is to say, the lowest leaves, two 
to four in number, which bend down and lie with part of their 
length touching the ground and which are much bespattered 
with soil and dirt are removed and the plants are kept clean at 
the base. When the leaves begin to ripen, they are harvested 
selectively, that is, only the leaves which are in the correct stage 
of ripeness are gathered. The whole crop is therefore harvested 
five or six times as the leaves ripen. In the curing barn, 
therefore, only leaves of the correct and of a uniform stage of 
ripeness are loaded, so that they will all cure as uniformly as 
possible. 

For raising seedlings large scale nurseries are prepared. 
They are selected within easy distance of wells or tanks or other 
good source of water supply. The soil is well prepared and 
elevated beds are made 3 feet broad and of any convenient 
length— preferably 20 yards — divided by narrow trenches one 
foot deep (which is the height of the beds) which serve as a 
small pathway. The seed bed is reduced to a fine tilth as 
already described and manure is applied at the rate of 1 lb. for ' 
every 4 square yards of nursery bed, and lightly stirred in, 
The manure is a mixture made up of 30 lb. sulphate of ammonia, 
15 lb. of concentrated superphosphate of lime, and 16 lb. of 
sulphate of potash. The seed rate is generally 2 lb. per acre of 
seed bed, but in the case of good seed about half of this will be 
quite sufficient. In fact even this rate will make the nursery 
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too thick and the seedlings may become rather leggy and thin ; 
but it is found necessary in order to make allowance for risks 
and loss of seed. In order to sow the seeds uniformly over the 
beds, the requisite quantity of seed for each bed may be stirred in 
water in an ordinary watering can provided with a rose and the 
mixture well shaken and the beds watered uniformly with this 
mixture. The Mysore Tobacco Company use a handy appliance 
resembling a small spray pump, devised and patented by one of 
their staff, by means of which the water and seed mixture is 
sprayed on to the beds, the mixture being automatically kept 
stirred during the spraying. The seed is then covered with a 
thin sprinkling of earth over which is laid a thin layer of straw. 
The nursery is looked after as in the case of local tobacco. 
Washing out by heavy rains is a contingency to provide against, 
and it is an investment worth while to keep bamboo mats ready 
for use when there is fear of heavy rain. As the seedlings grow 
up they have to be protected againt the moth borer, the grubs 
of which bore'into the stem. A sharp look out is kept for the 
moths, and the plants are also sprayed with lead arsenate once 
and even twice if necessary. Seedlings of the correct age are 
supplied from such nurseries. Nurseries are generally sown at 
intervals of a fortnight, not only to meet the demand as it comes 
in but also to avoid a rush of leaves at harvest time beyond the 
capacity of the barns and to spread the harvest over a convenient 
period of time. Out in the growers' fields the crop receives a 
good dose of artificial manure mixture in addition to a basal dose 
of cattle manure or compost. The manure mixture applied 
consists of 100 lb. of groundnut oil cake, 80 lb. of sulphate of 
ammonia, 150 lb, of super- phosphate and 60 lb. of sulphate of 
potash. The young plants need attention against the stem 
borer. Fields have to be gone over and plants closely inspected 
at this stage. The presence of the borer is easily detected by a 
slight swelling noticed on the stem ; this is carefully slit 
through with a sharp pointed knife and the grub is killed in its 
burrow or removed. Spraying is also required agaiost fungus 
diseases at a later stage and spraying with Bordeaux mixture is 
arranged for at the proper time. These diseases are further 
referred to under " Pests and Diseases". 

Flue curing —The curing method is quite different and is 
certainly an important innovation in local agriculture. The 
essential difference is the use of artificial heat and the production 
of a bright yellow coloured leaf with a very mild and attenuated 
odour of tobacco and the completion of the period within a week 
as against the two or three months required for curing the local 
tobacco. The method is known by the name of 'flue curing' 
and is carried uut in specially built large rooms called ' barns ' 
which are fitted with the necessary arrangements for a fire place, 
flue pipes, ventilation and so on. The barns in use in Mysore 
are brick built rooms with a gabled roof of z;inc sheets, the 
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ridges of the roof being separate, elevated and adjustable for 
ventilation. The rooms are either 16 feet long and 16 feet wide 
and 18 feet high to the top of the walls or they are 20 feet 
square, which is now the size uniformly adopted. The barn is 
provided with two doorways^ a glass observation window and two 
rows of adjustable ventilator openings along the base of the 
walls ; when these are all shut and the ventilator ridge is let 
down, the barn is quite closed like a box. The heating arrange- 
ment consists of two ovens or fire places, opening and fed from 
outside and placed one on each side of the doorway in" one of 
the walls ; the heated gases from the oven are carried through 
metallic pipes or flues which traverse the entire length of the 
interior of the barn, are led outside, bent upwards and carried 
right to the top of the barn. The flue pipes are made of sheet 
iron of 22 gauge and are about 11 inches in diameter. Nearest 
to the oven the flue pipe consists of a length of six feet of cast 
iron piping, as sheet iron cannot stand the great heat at this 
place. A further protection from the great heat is also provided 
in the shape of a sheet of galvanised iron over the pipe. The 
ovens are fired either by firewood or by coal whichever may be 
cheaper. 

The method of curing is as follows ; — As the harvested 
leaves arrive at the barn, a rough sorting is made and poor, 
diseased or immature leaves are discarded. The good leaves are 
then tied by their leaf stalks together in bunches of three leaves 
and are hung astride bamboo slats and arrauged side by side, 
the sets touching each other. The barns are provided with 
croBS-beama in several tiers one above the other and on these the 
bamboo slats are placed at distances of 6 inches from each other. 
When the whole barn is thus loaded, it holds five tiers of leaves, 
the lowest tier clearing the flue pipe and hanging about five feet 
above the pipe- A barn of this size, i.e., 20 feet by 20 feet, will 
hold about 75,000 to 90,000 leaves, when fully loaded. Inside 
the barn are also a thermometer and hygrometer, which can 
be moved up and down from outside by means of a string, and 
brought against a peep hole window for noting the temperature 
and humidity inside the barn. The curing process is carefully 
regulated by the temperature, which has therefore to be noted 
frequently and the firing, ventilation and so on, adjusted 
accordingly. 

After loading the leaves, the barn is completely closed and 
the firing started. The temperature is raised to 90° P. and is kept 
at that heat for three hours, immediately after which it is 
quickly raised to 125° F. and held at that temperature for about 
half an hour. It is now reduced again to 90° P. by drawing off 
the fire and opening the ventilators. Daring this stage the barn is 
kept at a high humidity, the difference between the dry and wet 
bulb thermometers being only 3°. In this stage the leaves sweat * 
and give off moisture profusely and the colour changes to the 
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required yellow tint. The next stage is to fix this yellow colour. 
The temperature is now raised gradually from 90° to 120° again, 
the rate of rise being very slow, at about 1° or 2° per hour. If 
the rise is rapid it is slowed down by opening the ventilators and 
letting in cold air. Moisture often collects over the leaves in 
patches and causes ' sponging ' or a brown discoloration. This 
should be prevented, by expelling the moisture freely. This 
stage is referred to as 'fixing the colour' and takes about 30 hours. 
Air is allowed freely in through the ventilators all the time. At 
the end of this stage the leaf is cured. The temperature is now 
raised still higher and kept at a range of 140° to 170° for a 
period of twenty hours, during which the leaf stalks and midribs 
also become quite dry and the curing is finished. The whole 
process takes about five to six days to complete. 

A variation of the above method which gives good results is 
the following : — First raise the temperature quickly to 90° and 
hold at that temperature for about eight hours, all the venti- 
lators being shut. After this period, raise the temperature to 95° 
at the rate of 27^-° per hour and hold at that temperature, with all 
ventilators shut, until the lowest two tiers are definitely yellow. 
Now raise it to 100° during another two hours and hold at that 
temperature until the third and fourth tiers are nearly yellow. 
Open the top ventilators only and maintain the 100° until the 
third and fourth tiers are definitely yellow. At this stage the 
bottom ventilators should be opened also, without allowing the 
temperature to go down. The next step is to raise the temperature 
to 115° gradually, increasing the ventilation through the bottom. 
The temperature is held at 11 5 C until all the tiers are yellow. 
At every one of the different stages much care and watchfulness 
are required in order to be able to cope with the changes in the 
weather, in the quality of the leaf and so on, which may all make 
it necessary to effect slight changes from the routine. Though 
the personal element is largely reduced by the uss of the 
thermometer to control the different stages, still a great 
deal of experience is required to carry out the processes 
satisfactorily. 

The cured leaf which usually amounts to about 16 per cent 
by weight of the green leaves is now brought to the grading 
stations where it is sorted into a number of different qualities 
according to definite grades. The main feature of the grading 
is the thoroughness and depth of the yellow colour. The better, 
more uniform and thorough it is all over the leaf surface 
including the midribs and veins the higher it is classed. In fact, 
if it is a question of grading by awarding marks, this feature may 
be said to carry 50 per cent. Conversely the presence of green is 
penalised to the extent that the yellow is esteemed. The green 
and the greenish tints greatly detract from the quality of the leaf 
' and, as faults, may be deemed the worst. Size, condition of leaf, 
freedom from holes, rents and spots are taken into consideration 
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the grades but these are much subordinate to 
the depth and uniformity of the yellow colour. As an example the 
following grade specifications of the Mysore Tobacco Company 
will be found instructive : — 

Grade I. Lemon yellow or orange with no sponging 
or spots. Very slight or a trace of 
greenishness at the veins is allowed, as this 
greenness disappears in a few days. 

Grade II. The same as above with very slight blemish 
such as sponging. 

Grade III. Yellow, slightly sponged, say, up to 20 per 
cent. 

Grade IV. Bright yellow, but slightly greenish between 
the veins. 

Grade V. Same as III but more sponged and slightly 
brownish. 

Grade VI. Brownish yellow due to sponging, etc. 

Grade VII. Dark brown like country tobacco. 

I. C. X. Bright green and yellow in patches. 

Dark Green. Green all over without yellow patches. 

Before the leaves are exported, they are first stripped, i.e., the 
leaf stalk and the inidrib are carefully separated from the leaf 
blade and removed. The two halves of the leaf blade which 
alone are taken are all collected and are subjected to 
' reconditioning ', that is to say, they are treated in such a way 
as to contain a definite percentage of moisture. For this purpose 
the leaves are dried in successive, drying chambers and deprived 
of all moisture, so that they are left as practically ' dry matter ' ; 
they are. then made to absorb a definite quantity of moisture, so 
as to have a uniform moisture content of about 10 per cent. 
In this condition the tobacco is packed in boxes or hogsheds and 
shipped. 

Botany and varieties. — The tobacco plant — Nicotiana 
tabaeurn —belongs to the natural order Solanacese, to which 
other important crops like the potato, 'chillies" and brinjals 
belong. The plant is named after the Erencbinaji, Jean Nicot, 
who was French ambassador to Portugal and who in the year 
1559 sent some seeds to his sovereign Catherine de Medici and 
also tried to popularise the plant by various other means. The 
cultivated plant has a straight stem and attains a height of six to 
eight feet. The stem is cylindrical in shape aDd is filled with a 
core of pith which on drying makes the stem appear hollow. 
In well grown plants the stein is fairly stout and has a girth of 
about 4 inches at the base. The plant has a long and strong 
Up.xoat.going_as m deej) as 2 to "2|Jget and branching, horizontal 
rj2S.l&„with a latei'aTrangT'oT'aBout 3 feet radially from the stem. 
The leaves are simple and entire with a smooth margin, the 
internodes are long or short according to variety. The leaves 
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are very large, narrow and almost tapering at the petiole, thick 
and dark green in colour with prominent midribs and veins, and 
oblong, ovate or broadly lanceolate in shape. The size of the 
leaves becomes smaller towards the top of the plants, the lower 
leaves being strikingly large. The leaves spring from the stem 
alternately and spirally, the ninth in order being directly over 
the first. The leaf blade is almost horizontal and the farther 
half bends gracefully with the tip pointing downwards. The 
leaves spring from the stem either at very short intervals or at 
long intervals of space, which may vary from 2 inches to 6 
inches according to variety and which give the plants a crowded 
or a loose appearance, according as the interval is short or long. 
Likewise differences exist in the size of the leaves and in their 
shape, especially in the length as related to the width, which give 
rise to ovate, lanceolate, broadly spindle shaped, or oblong, in 
form. Both stem and leaves are viscidly pubescent and as the 
plants grow up, these become very sticky to the touch due to the 
exudation of a resin. The tobacco flowers are borne at the end 
of the main stem and from the branches springing from the 
axils of the top leaves ; they are in large and showy clusters. 
The flowers are tubular, light red, white or light pink in colour. 
There are also ornamental varieties wbich have a greater variety 
of colour and which are also mildly fragrant. The stamens 
are five in number, and are inserted in fcbe tube of the five-lobed 
corolla to which they adhere at the base. The flowers are 
bisexual. The stigma is bi-fid and the ovary two-celled. The 
fruit is a capsule, and when ripe opens in two valves to shed the 
seeds. The seeds are excessively minute and numerous, and the 
embryo occupies the centre, being embedded in the endos- 
perm. 

Though the species under cultivation throughout the world 
is mostly the ' tabacum ', there are also other species under 
cultivation, which occupy comparatively smaller areas. These 
are (1) Nicotiana rnstjca, a hardy species found growing wild in 
Mexico and which is much cultivated in Europe and in Upper 
India. It has ovate leaves with long leaf stalks and, dull greenish 
yellow flowers. In northern India including many parts of 
Bengal it is a favorite variety, and is grown largely. It is a 
strong tobacco and is greatly esteemed for country cigars and for 
hookahs. (2) Nicotiana Persica. This is grown in Persia and 
is a white flowered variety, the leaves of which on curing, have 
a yellowish colour and a mild flavour. There are a few 
other species also, which are however unimportant. 
The varieties of tobacco under cultivation are very large in 
number, although many of them though distinguished by 
different names in different countries or provinces may be found 
to be either one and the same or only slightly different. The 
differences consist in the size and shape of tbe leaves, in the 
habit of growth, in the period of maturity and above all in the 
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quality of the leaf when cured which decides the particular class 
tobacco fur which they may be eniinetly suited. Being a leaf, 
tobacco is greatly influenced in its composition and characteristics 
by (1) the constituents present in the soil on which it is grown, 
either naturally or added in the shape of manures or brought in 
by irrigation water, (2) by the climate and (3) by the methods of 
cultivation. Very notable changes either of improvement or 
deterioration in quality can be brought abont as the result of 
these factors. Nevertheless important varietal differences do exist, 
in, which the leaves naturally possess one or other of the desired 
characters. 

In order to understand these differences correctly it may be 
helpful to explain some of the terms ordinarily used ^in this 
connection. In respect of cigar tobacco, the terms 'wrapper', 
'binder' and 'tiller' are used. The 'filler' is the inner part of the 
cigar which constitutes the cigar proper, and gives it ;its special 
smoking quality. The 'binder' is the leaf which is wrapped over 
this filler keeping it in shape and 'binding' it. The 'wrapper' is 
the leaf which forms the outer cover over the cigar which 
decides its distinctive appearance as regards colour, texture and 
smoothness of feel. All three possess, of course, high burning 
quality. Chewing tobacco which in India is largely used in the 
shape of the cured leaf itself and only in exceptional cases as 
prepared tobacco, is in foreign countries put up in special forms, 
called 'slug' tobacco, 'fine cut', 'strand' or 'spun' tobacco and so 
on. In regard to the quality of the leaf, the term 'body 1 
signifies generally thickness of leaf, a heavy bodied leaf being 
much thicker and coarser and giving a much greater weight 
on curing than those lacking in 'body'. It is due to the 
larger accumulation of both organic and inorganic contents in 
the leaf, such as gums, nicotine and mineral salts, A 'topped' 
plant will give leaves with much more 'body' than one which is 
not topped, other things being equal. 'Strong' tobacco is one 
with a higher nicotine content than 'weak' tobacco. The nicotine 
content varies from 6 or 7 per cent in strong tobacco through 3£ 
per cent in mild tobacco down to 2 per cent in still milder leaves. 
Toughness and elasticity as opposed to brittleness are qualities 
prized in all tobacco, especially wrappers and still more in 
cigarettes, as long clinging shreds are possible with such leaves 
as against chaffy or powdery shreds in brittle leaves. The 'burn- 
ing quality' is one of the most important points and is greatly 
influenced both by variety and by environment. If a portion of 
a cured leaf is touched with the glowing end of a lighted match, 
the burnt-in hole will continue to glow becoming wider and 
wider as the burn extends, if the leaf has a high burning quality. 
If the burning quality is poor, then the fire goes off and does not 
extend beyond the margin of the hole made by the glowing 
match end. Many ot the local varieties of tobacco are very poor 
in this respect. ^Manuring with potash salts especially, the 
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sulphate and the nitrate improves the buring quality while 
chlorides seriously reduce it. 'Yellow tobacco is the tobacco 
which on curing in the proper way has a lemon yellow colour. 
Nearly all varieties can be cured so a5 to have this colour more 
or less bat some varieties like the large number of cigarette leaf 
types of the Virginia tobacco have this property to a high degree. 
The 'wrapper tobacco' types have broader and somewhat round 
shaped leaves, which have thin and less prominent midribs and 
fewer veins ; they are also very much lighter in weight. A pound 
of wrapper leaf will often give 1,000 wrappers while in the 
ordinary kinds about 9 to 10 pounds will be required for giving 
the same number. The Havanahs and Sumatras are outstand- 
ingly superior as wrapper types. 

The Mysore local varieties are made use of mostly as 
chewing tobacco, especially those grown under irrigation. In the 
special methods of curing adopted, the cured leaves are capable of 
absorbing a good deal of moisture. Merchants who stock the 
tobacco take advantage of this fact, water that part of the stock 
which is to be sold in a few days and keep it well pressed in that 
condition. The leaf becomes darker and gains in weight by this 
process. The dry land tobacco is mostly bought for use as 
smoking tobacco and as snnff tobacco. The varieties have all 
local vernacular names which are descriptive of their appearance. 
These a,re, for instance (1) Kanigalu, (oleander-like) types which 
have long narrow leaves. They are also called 'sooji' or needle 
types. ' (2) The Anekivi" (elephant's ear) types which have very 
broad and large leaves like the ear lobe of the elephant (3), 
Bakpatte (plantain leaved.) type, whose leaves are also long but of 
medium width with a smooth shining surface. All of them cure 
generally dark, heavy and strong. There are also varieties 
distinguished by other local names, which however closely 
resemble one or other of the above types. 

Pests and Diseases. — The tobacco crop is subject to many 
pests and diseases. 

1. Insect Pests. — There are a number of insect pests which 
are found on tobacco to a greater or less extent but the pests of 
major importance are (1) thetobacco aphid, (2) the stem borer and 
(3) the leaf eating caterpillar. 

The Tobacco Aphid. — Myzus persiccr-, S. is one of the worst 
pests. It attacks the fine and large leaves of the growing plant, 
which become twisted, curly and unshapely and ill-developed and 
then gradually fade. The plants too are greatly weakened. The 
underside of the leaves is covered with myriads of these insects. 
The affected leaves are practically useless and the damage may 
sometimes be very serious. Badly infested leaves have to be 
removed and burnt. Belief may also be had in the case of the 
moderately attacked leaves by spraying them with tobacco 
decoction, the spray being made to cover the under side of the 
leaves thoroughly. 
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The stem borer. — Phihorimaakeliopa,L. to which reference 
has already been made is also a serious pest, attacking seedlings 
in the nursery and the young plants in the fields. The growing 
shoot is destroyed and the plant then begins to throw out small 
shoots or leaves after some time which puts back the growth and 
gives rise to a bushy development which is of no use. Seedlings 
in the nurseries are also likewise attacked and ruined and when 
transplanted, carry the pest with them, leading eventually to the 
damage described above. The borer is the grub of a thin brown 
moth which lays eggs on the leaf stalks. When the grubs 
emerge they crawl down into the axil and then into the stem, 
eating and burrowing iuto the tissue. The stem shows a swell- 
ing at the spot, which is taken advantage of to detect and 
destroy the grub. A small slit is made into the swelling and 
the grub is either killed in the process or, if alive, can be removed 
and destroyed. In the nurseries aD effective control measure is 
to cover the seed beds over with a thin cloth at night to prevent 
egg laying by the moth. Infested seedlings should be destroyed 
and not used for transplanting. After the crop is harvested the 
stubble should be ploughed up, gathered and burnt without being 
left on the field for any length of time, as is often done for the 
sake of the small ratoon leaves. 

The leaf eating caterpillar. — Prodenia Lititra, F. causes 
considerable defoliation and damage in some years. It attacks 
the plants both in the nursery and in the field eating up the 
green matter of the leaves first and later defoliating the plants 
seriously. The adult insect is a stout, dark moth with many 
white wavy markings on the upper wing. This moth lays eggs 
on the young leaves and the egg masses are covered with the 
brown hairs shed by the moth for the purpose. In this stage 
the egg masses are easily made out and one effective control 
measure is to locate and rub them off. If left unobserved or 
unattended to, the grubs emerge in large numbers andean be 
seen feeding close together. In this stage also the patch can be 
wiped off and the grubs destroyed. The full-grown caterpillars 
pupate under the plants in the soil, from which the moths 
eventually emerge, the whole life-cycle occupying not more than 
40 days. In addition to the above control measures the crop in 
the nursery or field may be sprayed with lead arsenate, before 
much damage is done. The tobacco is also attacked by other 
pests, such as bugs of different kinds, grasshoppers, ground 
beetles and a capsule eating caterpillar, but all these are only of 
minor importance. 

Stored tobacco in manufactured form like cigars, cigarettes, 
and as unmanufactured cured leaf is subject to the attack of a 
brown beetle, Lasioderma serrioorne, F., the minute grubs of 
which bore little holes into the product and damage it. The 
pest is very similar to the beetle pest of stored grains and pulses. 
If the attack is bad, the only way in which it can be remedied is 
by means of fumigation with carbon bisulphide. 
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2. Fungus and Other Diseases. — Tobacco is also subject to 
a number of diseases, fungus, bacterial and virus. One of the 
commonest diseases is mildew — Erysiphe cichoracearum D. C. — 
which appears as white or asby coloured patches on the surface 
of the leaves and which cause the affected parts to wilt and dry 
up. In addition to the reduction of the crop, the disease is the 
cause of serious blemish in the cured leaves which become practi- 
cally worthless. The disease is favoured by damp and want of 
sufficient sunshine. Spraying the plants with Bordeaux mixture 
carried out as soon as the spots are noticed will check the 
disease. 

By far the most serious among the fungus diseases is the 
leaf spot disease — Cercospora nicotian is Ell. and Ever. In the 
ordinary methods of curing and in local tobacco the damage is 
not considered of very great moment but in the cigarette tobacco 
this damage to the leaf greatly lowers the quality. The spots 
appear on the well grown leaves here and there at first but later 
many of them may coalesce into large spots. The spots become 
brown and then dry up producing large holes on the leaf surface. 
In the earlier stage the spots may not be conspicuous and the 
leaves may appear sound ; but in the process of flue curing they 
show up rapidly when the leaves are sweating and become a 
permanent blemish. The conditions under which the disease 
appears are largely connected with the seasonal conditions during 
the growing period, due perhaps to rain at a particular wrong 
stage, but they are not well understood. The disease and the 
damage may be controlled to some extent, if the plants are 
sprayed just at the time of topping, with a colloidal copper 
preparation. The spray is made up of the proprietory prepara- 
tion called Buizol 1 oz. and Agral T l e oz. in one gallon of water. 
The spraying results in an increase of crop and a reduction in 
the appearance of spots in flue curing. 

Another serious disease which fortunately is not common in 
Mysore is the bacterial wilt, already described under potatoes. 
It is a dangerous disease and capable of causing great damage as 
it spreads rapidly and kills out the plants completely. As 
already mentioned it also infects the soil badly, making it 
impossible to grow tobacco on it in the succeeding year or years. 
As the soil is infected by crops of other solanaceous plants also, 
notably potatoes, which are largely subject to this disease, one 
method of prevention is not to grow tobacco following a crop 
of these plants nor to grow it in the same field when once the 
tobacco crop itself has become infected. 

Tobacco is subject to another serious disease, viz., mosaic, 
which is regarded as being caused by a virus. The most striking 
characteristic of the disease is the changed appearance of the 
leaves. Instead of a uniform green colour, the leaf surface shows 
dark green and light green in a mingled or mosaic pattern ; 
further, instead of the smooth surface the leaves show a very 
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uneven and rough surface made up of patches of thickened 
irregular areas which bulge upwards like small bubbles ; the 
leaves are also curled and crumpled and greatly diminished in 
size. These and other malformations are characteristic signs of 
the disease. In advanced stages the mottling becomes very 
marked, and some of the patches become almost white. Not 
only is the yield greatly reduced but the affected leaves are 
almost of cio value, aroma, burning quality and texture all being 
affected seriously. The disease is very contagious and even 
traces of the diseased tissue are virulently powerful in com- 
municating the disease. Healthy plants are infected by contact 
with the hands or persons of the coolies working in the fields 
who may have handled diseased plants, by insect vectors and 
by contact of roots or above ground parts. There are no 
remedies known. Fields should be inspected from the very out- 
set and young plants, if any, showing incipient disease should be 
pulled out and burnt ; all contact of healthy plants with plant 
and other material likely to carry infection should be avoided. 
Seed should be gathered only from healthy plants. None of these 
above methods are really satisfactory in keeping out the disease, 
and relief can be looked for only along the lines of breeding 
resistant varieties. There is no doubt resistant varieties do exist 
in nature ; even among cultivated varieties there is marked 
difference in the degree of susceptibilty, which indicates that t'he 
breeding out of the susceptiblity cannot be impossible. 

Orobanclie. — A parasitic weed — Orobanche -~ is one of the 
troublesome peats of tobacco. There are several genera and 
species of the Orobanohaoeae but in Mysore the species concerned 
is the Orobanclie aegyptiaca. The parasite grows in association 
with the tobacco plant attaching itself to the tobacco roots, 
and is seen above ground only when it begins to flower. 
The flower stalk springs close to the tobacco plant, is almost 
white in colour, the stalk somewhat resembling an asparagus. 
The affected tobacco plants become weak, cease to develop large 
leaves and remain stunted ; in badly infested tracts the crop does 
not amount to much at all. The seeds of the orobanche are 
very fine, even smaller than the tobacco seed, with which it can 
mix without being detected at all. Where tobacco is grown on 
the field year after year the attack becomes serious. One 
method of control is to systematically pull out the weed as 
it makes its appearance above ground and thereby to prevent it 
from flowering and setting seed. The work must be very 
thorough and should be carried out several times as the weeds 
do not all appear simultaneously. The seed retains its germi- 
nating capacity for many years — for seven to eight years; the 
ordinary rotations of dry or semi-irrigated garden crops are 
therefore seldom found effective in killing out the pest. 
Where tobacco is grown under irrigation and plenty of water 
is available, a rice crop following the tobacco is found an effective 
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method of preventing it from appearing again. There should of 
course be no possibility of the pest being introduced again with 
tobacco seed ; these should be collected from fields which were 
quite free from the pest. For the affected growing crop itself, 
a quick acting stimulating manure like sulphate of ammonia or 
nitrate of potash or soda may be given as a light top-dressing to 
increase the vigor of the plant and enable it to resist the attack ; 
the relief however may not be striking, in any case it 'is useless 
from the point of view of eradicating the pest. 

Chemical Composition and Uses. — The chief ingredient which 
gives tobacco its distinctive properties is 'nicotine', an alkaloid 
which occurs in the leaf in combination with the vegetable acids, 
, malic and citric. The alkaloid is a virulent poison acting mainly 
on the nerve centres and paralysing them. In pure condition it 
is a colourless oily liquid, burning to the taste, highly poisonous 
and with a stupefying odour. The nicotine content of tobacco 
varies in different kinds of manufactured tobacco. Thus pipe 
tobacco contains from 0'5 to 0'8 per cent ; cigars from 0'8 to 2'9 
per cent ; cigarettes about 3 per cent and chewing tobacco from 
3 per cent up to even 7 per cent. The latter is said to he made 
even stronger for special brands by impregnation with concentra- 
ted nicotine extract. An industrial product of considerable im- 
portance is nicotine sulphate, which is prepared from tobacco 
for use as an insecticide. 

Cured tobacco of some of the varieties of tobacco grown in 
in South India when analysed for nicotine were found to contain 
the following percentages. 



Variety 


Sourco 


Nicotine value 
per cent 




Yeruuiani padaku 


Combatore 


6'Oti 




Kamuvakarai 


Avauashi 


■1-906 




Dakshnadi 


Guntur 


<H90 




Oosikappal {chowitiy) 


rihavani 


4483 




Perumathai ( ,. ) 


do 


!!7S8 




For chewing and beedi 


Hospet 


3-734 




.For chewing 


Dindigul 


3-409 




Harrison's Special 


Guntur 


3-206 




Oosikappal 


Coiinb&torc 


3-109 




For chewing and snuff 


Siruguppa 


2-868 




Do 


Adoiii 


2-850 




Snu£f tobacco 


Diudigul 


2-746 




Local (kud cured) 


Guntur 


2-672 




Olieroot 


Dinfligul 


2-072 




Lftuka (tor cigai') 


V-tajahmuudi-y 


2-221 




Oosikappal far country cigara. ... 


Bliavani 


2 -147 




Javari 


Bellary 


1-851 





(Analysis by the Government Agricultural Chemist, Madras, quoted by Olieriau 
and Kailasam, Madras Agricultural Journal, February 1039) 

Tobacco stems and stalks also contain an appreciable quantity 
of nicotine amounting to '1433 per cent and are useful for pre 
paring tobacco decoction for insecticidal purposes. 

Cured tobacco contains in addition proteids, starches, oils 
and mineral salts. The asli of tobacco is remarkable for the 
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amount of potash salts it contains. 1,000 lbs. of cured tobacco 
contains about 80 lbs. potash, 60 lbs. of nitrogen, 40 lbs. of lime, 
and 16 lbs. of phosphoric acid. The soluble part of tobacco ashes 
consists almost entirely of potash compounds in the form of 
chlorides, carbonates and caustic alkali. 

Tobacco Seed Oil, — A bye-product of some importance which 
deserves to be exploited is the oil from Virginia tobacco seed. The 
seed contains from 35 to 37 per cent of oil, which has been found 
to be free from nicotine and fit for use as an edible oil very much 
like ' gingelly ' oil which it resembles. It is thin, transparent, light 
yellow in colour, pleasant smelling and agreeable to the taste. It 
can be used for cooking, as an emollient, as an illuminant and 
for the making of soap. It is a semi-drying oil almost like, though 
somewhat inferior to, linseed oil and can be used as a substitute for ' 
this oil for mixing with paints. The oilcake left after the extraction 
of the oil has been found to be suitable for cattle feed, and 
for use as a manure. 

The seed and the oilcake have the following composition : — 





Moisture 0ru f d . e 
! protein 

I 


Oil (etbor 
extractives) 


Carbo- 
hydrates 


Crude 
flbre 


Ash 


1 
Seed .. ... I G'5 
Oil oakR ... ... | 


23-9 
30-5 


35-8 
18-C 


13'8 
26 'G 


16-8 ' 8-G 
... i 10-3 

i 



The seeds, oil and oilcake are all nicotine- free. The oil 



ha3 the following constants :■— 

Specific gravity at 15 ^"C 
Refractive index at 20°C 
Acid number 
Saponification number 
Iodine, value 



... -912 to "915 

...1'4G84 to 1'4725 

•39 to '80 

... 186 to 191 

... 124 to 155. 



It is estimated that an acre of the crop which is generally 
allowed to grow to seed will yield about 175 lbs. of seed. {From 
the Indian Journal of Agricultural Science, Vol. XII, Part II). 

Production and Trade. — The area under tobacco cultivation 
in India is approximately 1£ million acres. India is the second 
largest tobacco producing country in the world, ranking next to 
the United States of America. The provinces of Bengal and 
Madras each account for 20 per cent of the total Indian acreage, 
while Bombay, Bihar and Orissa account for 12 per cent each, 
The area in Mysore is comparatively smallj and varies between 
25, P 000 and 30,000 acres. 

India imported in the year 1939-40 a total of 7,889,261 lbs. 
of raw and manufactured tobacco of the value of Es. 8J crores, 
out of which raw tobacco amounted to 6,597,566 lbs. valued 
about Rs. 4| crores. The exports are steadily increasing and in 
1939-40 the total of raw and manufactured tobacco which were 
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exported amounted to 52,082,289 lbs. of the value of about 
Es. 2 crores. Mysore exported in the year 1938-39 about 75,000 
railway maunds and imported 102,125 maunds, valued at 
Es. 28 lakhs and Es. 38 lakhs, respectively. (1 maund=82f lbs.). 



II COFFEE. 

"Veenaouale names foe, COFFEE : Kapee, Kofpee, 
(oe raeely) Boon. 

Distribution. — The coffee of commerce consists of thejeeds 
of the coffee plant, ■which when roasted, ground and soaked in 
boiling water yield the fragrant, and mildly stimulating infusion 
used for making the well-known beverage called ' coffee '. The 
discovery of the use of coffee as a beverage is attributed to the 
Arabs, and Arabia itself is claimed as one of the homes of the 
coffee plant. The kingdom of Abyssinia and especially the 
mountainous portions of that country are also regarded as the 
native home of the plant. The qualities of coffee as a beverage 
became known to Europe through the Arabs and Turks and it is 
stated that the plant was introduced into that continent by the 
Dutch. The Dutch and the French are Said to have introduced 
the cultivation of the plant into their possessions in South 
America, from where it spread into Brazil, one of the largest 
prodticing countries at the present time. The Dutch also 
introduced its cultivation into the Netherlands East Indies, from 
where it spread into the Philippines through the agency of Spain. 
In India, tradition has it that it was introduced by a Mahomedan 
saint who returned from Mecca and settled in Mysore on the 
hills which have since come to be known by his name, viz. the 
Bababudan Hills, and which now forms a most important tract 
of coffee cultivation. The cultivation of the crop now extends 
over many parts of the world, viz. Brazil, Central Venezuela, 
Columbia, Central America, the West Indies, Equatorial Africa 
especially Kenya and East Africa, Arabia, South India, Java, 
Sumatra and other East Indian Islands and the Philippine Islands. 
The limits of cultivation may be put down roughly as the 25th 
parallels of latitude north and south. 

Altitude and Climate, — The coffee plant, Gojfea arabiofl, 
which is the most important species under cuH'ivationt grows 
well only on high altitudes ranging from about 2,500 feet to 
5,000 feet which may be said to mark its upper limit. Other 
species like the 'rpbusta' can however be grown at low elevations, 

almost down to the sea level. At high altitudes like 5,000 feet 

and above, the cropping is late, uneven and frosts too are likely. 

,| An abundant rainfall is indispensable. A rainfall varying from 

,', k 60" up to 90", fairly well distributed through the year with the 

exception of a good continuous spell of some ifchree months 
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following the year's harvest which will allow of the' ripening of 
the bearing wood is necessary. Though in a high rainfall of up to 
120" coffee can be grown, the damp excessive moisture brings about 
considerable rot of the leaves and branches due to fungus attacks, 
Many attempts made in the past to grow coffee in such tracts 
have been failures. Failures have likewise resulted in attempts 
to grow it in tracts of lesser rainfall, with- too many breaks, even 
though irrigation was provided to make up for the lack of rain. 
The favourable range of atmospheric temperature has the upper 
limit of about 80° P. and a lower limit of about 55° F. with a 
mean annual temperature of 70° J", Higher temperatures up to 90° 
F. are also common but the scorching action of the. sun is generally 
prevented by heavy shade under which alone coffee is grown in 
such climates. Temperatures even below 50 D JF. also prevail in 
some coffee-growing countries, as in Brazil, but the plants with- 
stand the cold except when frosts occur which, though rare, cause 
great damage when they do occur. During the greater part of 
the year the humidity is also high on account of the high rainfall 
and the considerable tree vegetation in the midst of which coffee 
grows. 

Soils. — These climatic conditions in South India prevail 
only in the western parts of the Mysore plateau, in the hilly 
country of Coorg adjoining Mysore, and all along the spurs and 
sub-ranges of the Western Ghats and the similar tracts of the 
Eastern Ghats, embracing Wynaad, the Nilgiris, Anamalais, 
Palni hills, Travancore and the Shevaroy hills. The whole of 
the coffee grown in India is therefore confined to these tracts. 
The soils of these tracts are mostly derived from the disintegra- 
tion of gneissic rocks and of granite in varying states of decay 
and vary from light ashy coloured through shades of the familiar 
red soils up to deep red highly ferruginous soil types. The soils 
over large tracts are somewhat lateritic deep red clay loams and 
are even markedly clayey in texture, with admixture of typical 
lateritic gravel. Banded hematites, hsematitic quartzite, and 
sandstones can also be largely seen as the parent or underly- 
ing rocks from which are derived deep red soils, ferruginous soils 
and light grey soils, which are stiff and clayey or loose and porous 
or friable loams with -a large admixture of the broken brittle 
laminated bits of rocks. The. soils possess depth and fairly 
uniform texture, and cuttings showing up to 8 feet of such soils 
can often be seen. Shallow soils and boulder-strewn areas are 
come across only rarely in comparison. Soils of the consistence 
and composition of black clays and black cotton soils are seldom 
seen. Coffee estate soils tend generally to contain a high per- 
centage of iron and aluminium oxide, a fairly high nitrogen con- 
tent, and a low content of lime, phosphoric acid and. potash. 
They are almost invariably acidic with a pH, value of about 
4"5 and 5'5 and rarely 6, The best growth however requires 
that the pH. value should be high, ranging between 6 and 6*5, 
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Coffee soils are everywhere subject to great wash, as the hillslopes 
on which they lie are always steep, and frequently very steep, on 
which cultivation of any kind would seem impossible. There is 
also the tendency for an accumulation of leaf mould in the surface 
soils on account of the wooded nature of the slopes and the mass 
of fallen leaves that increases from year to year ; even the highly 
ferruginous soils with their deep red tint are covered with surface 
soils which are fairly dark in colour, on account of this leaf 
mould. 

The chemical composition of coffee estate soils may be seen 
from the following examples :— (All surface soils of 1' ia depth). 
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Red soil, Hassan District. 
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Aspect. — Plantations are established generally on the 
sides of steep valleys, folds and gorges in the numerous spurs 
and off-shoots and saddles in the ghats ; the open wind-swept 
upper slopes and hill tops are not favoured and are as far as 
possible avoided. The aspect of the slopes to be planted is also 
important, and a western aspect whether due west, south- west 
or north-west is not considered suited on account of the scorching 
action of the western sun and of the beating action of the heavy 
rains of the south-west monsoon in that season. A southern 
aspect is not bad and northern and eastern aspects are the best ; 
a north-eastern aspect though considered also suitable has the 
disadvantage of rains during the picking season which may 
occur in some years and cause considerable loss and incon- 
venience. 

Cultivation. 

Charing the Jungle. — As the coffee belt of the country is one 
of heavy forests on the hill sides, the starting of a plantation 
begins with the felling of the forest and the clearing of the 
jungle. At one time it used to be considered necessary to 
remove all the forest trees, so that later on shade trees of the 
right kind could be systematically planted, and special felling 
methods were recommended to facilitate the work. This 
consisted in taking up triangular sections of the forest up 
the slopes, partially cutting the trunks of all fche trees at the 
base, working in this way to the apex of the triangle and there- 
after in felling down completely the tree at the apex ; the latter 
crashed, bringing down the semi-felled trees lower down, which in 
their turn brought down those below and so on until the whole 
section came down with one thunderous crash. This wholesale 
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felling is no longer in vogue, at any rate, for coffee. A large 
number of suitable trees are left standing to provide shade and 
only a portion is removed as well as all shrubs and smaller trees. 
Bamboo clad forests are however to be felled and cleared com- 
pletely ; as likewise low growing vegetation such as the dwarf 
wild date, and other jungle scrub, which is characteristic of cer- 
tain tracts. In both these latter cases, the planting of shade trees 
has to precede the planting of coBee. 

Planting Shade. — The shade trees which are selected for 
planting at this stage are silver oak (Grevillea robusta) and 
Erythrina lithosperma. The former is raised from seed and 
seedlings will have to be got ready and planted. The latter is 
raised both from seeds and from cuttings; seedlings of these 
will have to be ready for planting or branches from trees should 
be available. The silver oak is selected as a permanent shade 
or at any rate to remain on the ground for not less than thirty 
years, while the Erythrina is put down as a very quick growing 
tree which serves as an excellent nurse tree, as it furnishes 
serviceable shade in the very first year of its planting ; it is looked 
upon as a temporary shade, to be removed after the silver oak 
and other shade trees have grown large enough to afford 
sufficient shade, though here and there Erythrinas are left 
as permanent shade and then grow into great specimens. 

The question of shade for coffee may now be discussed briefly. 
Shade is considered indispensable for coffee as it is grown under 
Indian conditions. Shade is not a requisite for coffee universally, 
because in "Brazil, the world's most important coffee growing 
country, coffee is grown without shade. In the Central American 
States shade is sometimes provided, but by plants which can be 
hardly called shade for coffee, such as, castor, plantains, papaya 
and so on. In Kenya where the area under coffee is rapidly 
expanding, coffee is grown without shade. The need in Icdia 
arises partly from the severity of the hot weather which, in the 
absence of shade, both scorches the leaves and dries up the soil, 
and the coffee bushes suffer in consequence. The torrential rains 
of the south-west monsoon are rendered less damaging to the 
coffee bushes, as its force is greatly broken by the shade trees. 
The coolness ff the shade and the heavy mulch of the leaves on 
the ground help the soil to retain sufficient moisture, In un- 
shaded tracts in the planting districts such as most of the great 
tea estates in South India and Ceylon, the surface wash brings 
about such a denudation of soil, erosion of surface and even 
exposure of roots, that on these estates the need for shade has 
come to be recognised and shade trees are being sysbematically 
planted, In addition to the advantages indicated above, shade 
trees are found beneficial in other respects also.. The immense 
quantity of dry leaves which drop annually both protects the soil 
and improves its fertility and its physical condition. ' The green 
loppings which result from the annual shade regulation and which 
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are incorporated into the soil by being buried in trenches serve a 
similar purpose. Moreover some of the shade trees such as the 
Erythrina, GHiricidia, Albizzias, etc., belong to the leguminous 
order aud should be adding considerable nitrogen taken from the 
air to the soil. In places with insufficient shade, the serious 
insect pest called coffee stem-borer increases in severity, and 
heavy shade reduces the incidence considerably. 

On the other hand the shade tree is not without disadvan- 
tages. 

The tops of the coffee bushes become choked with the fallen 
dry leaves which have to be removed every year. The drip 
in the rainy season from the leaves of the shade trees on to the 
coffee bushes is also damaging to the bushes. Falling branches, 
broken by the wind or carelessly let down in lopping, cause per- 
manent injury to many bushes around, and where a whole tree 
is being removed the loss of many bushes is a much-dreaded 
occurrence. The roots of trees, either dead or felled and removed,' 
are often the cause of ' stump rot ' to the coffee bushe9 around, 
unless they are well trenched around and disinfected. Many 
shade trees sometimes harbour or start pests as host plants and 
the fruits of others cumber and rot on the ground or attract wild 
animals which prove destructive to the coffee bushes also. On the 
whole the balance of advantages is however in favour of the shade. 

On the question as to what trees should be allowed to 
stand or planted for shade, individual planters may differ in 
their preferences, though there is a large measure of agreement in 
respect of most of the shade trees. The types of plants suitable 
for shade should satisfy more or less the following requirements. 
They should be evergreen, or the period of interval between the 
dropping of the leaves and the appearance of the new leaves 
should be very short. They should be small leaved, so that 
shade may not be heavy and massive, as it will be in the case of 
large-leaved trees, but such as will produce a kind of lattice effect 
of sunshine and shade; they should branch only several feet 
above ground and carry their canopy tall and spreading high 
above the bushes, Trees should be tough wooded so that 
branches do not break away in the winds. The tree roots should 
be deep and not surface feeders interfering with the roots of 
the coffee. They should, if possible, belong to the leguminous 
order. Very tall growing trees even with wide spreading crowns 
are of little value as shade. They should be quick growers, 
especially those planted when starting the plantations. There 
are also opinions regarding the harmful effects of certain trees 
on the coffee bushes around, and about the beneficial effects of 
certain others if grown in association with coffee, which should 
not be ignored, especially in regard to the trees believed to be 
harmful. 

The trees usually found used for shade purposes are 
many species of the Ficus, Terminalia, Bischoffia, Artocarpus 
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integrefolia, G-revillea robusta, Albizzias, Erythrina lithospernia, 
Gliricidia maculata, Leucania glauca, the last three being 
temporary nurse shades. 

The first four kinds are spreading trees furnishing moderately 
good shade and at the proper height. The Artocarpus gives very 
dense shade. The Albizzias give much chequered shade, and the 
species ' stipulata ' with their feathery leaves is specially so, 
though the trunk swells to very large proportions as the tree 
grows old. Tbe wood is morever brittle and branches are likely 
to break off in high winds. The silver oak grows very tall, is a 
quick grower, grows straight and pillar-like, with no crown 
worth speaking, shading only the bushes close to the trees and, 
when planted in north to south rows, the trees afford much 
protection against the evening sun. The Eryfchrina3 are quick 
growing leguminous trees and form excellent nurse shade, some- 
what thick. Likewise, but affording much less shade, is the 
Gliricidia, which grows somewhat low and has the further 
disadvantage of remaining bare for a long time after the annual 
leaf shedding. It can be kept headed at eight or nine feet with 
yearly loppings and maintained as temporary shade for a period 
of some ten years. 

The dry leaves shed by the shade trees return back to the 
soil a good deal of the plant food ingredients removed by the 
tree, as the following analyses of the leaves of several kinds of 
shade trees will show. 



Pebcentage in Aie dkv. Samples. 






Nitrogen 


Phosphoric 
Acid 


Lime 


Ficus myaoriensia 
Ficus infectoria 
Ficus (Species) V 
Ficus glomerata 
Dalbergia latifolia 
Artocarpus integrifolia 


0'S21 
0'932 
0'811 
0'915 
1'597 
1"067 


0155 
0157 
0151 
0163 
0"225 
0112 


5*29 
511 
3'01 
5*57 
177 
277 



Planting the Shade Trees. — After the land has been cleared, 
the shade has to be planted one year in advance of the planting 
of the coffee seedlings or, if the plantations are made with a 
good proportion of the natural shade standing, in the same year 
as the coffee. Silver oaks and Eryfchrinas are the trees planted 
at this stage and they are put in rows about 12 feet apart and 
about 12 feet in the row. The planting is done in the month of 
August and the seedlings make sufficient growth in the rich virgin 
soil to permit the planting of coffee in September of the following 

26* 
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year. Later on, this distance for the shade trees will be found 
too close and many will have to be removed gradually so that 
ultimately the shade trees may be at distances of 36' by 36' or 
even 40' by 40'. 

The Coffee Nursery. — The nursery is made in a part of the 
estate where plenty o£ water may be available either from a 
running stream or tank and the soil is deep and rich. A suit- 
able area of about half or quarter of an acre on this site is laid out 
into blocks divided by pathways. The ground in these blocks 
is then well dug and allowed to weather, clods are broken and 
the earth reduced to fine soil.- Good jungle soil and leaf mould 
are brought in and mixed with the soil. The ground is then 
laid out into narrow elevated ridges about 30" in width and 9 
to 12" in height and some 15 to 20 feet in length, and divided 
from each other by narrow trenches. The soil in the ridges is 
now manured with well-rotted and powdered cattle manure .and 
the surface levelled, leaving a low rim along the four margins. 
The whole area is provided with a protective thatch by erecting 
a bamboo or jungle wood frame over low posts about five feet 
high, and covered over with leafy twigs, dry ferns, etc. In the 
month of May these ridges should be ready to receive the young 
seedlings. These seedlings are raised separately and are trans- 
planted in the ridges at distances of 9" from each other and 
are gently watered. In these ridges the seedlings are allowed to 
grow until July of the following year, when the plants can 
be removed and put out in the permanent places in the estate. 
They make sufficient growth by that time, are about 9" high 
and show two sets of young primaries. Nursery plants are 
raised also in baskets instead of in the ground as described above. 
Special bamboo baskets are available for this purpose and these 
are filled with soil of the same kind as the nursery and then the 
young seedlings are transplanted one in each basket. The 
baskets are then arranged, packed closely on the ridges fastened 
all round with bamboo poles to keep them from displacement 
and are then kept watered lightly. When the time comes for 
planting them in their permanent places, the baskets are trans- 
planted to these places and are put in. Basket plants have the 
advantage that they can be taken long distances in the estate or 
elsewhere and also planted without any disturbance to the roots ; 
on the other hand, they have the disadvantage that the condition 
of the roots cannot be inspected for trimming if necessary before 
being put m. Seedlings raised in the ground are dug up from 
the moist soil, as far as possible, without disturbing the roots and 
with the, clod of earth adhering to and protecting the root 
system ; broken or bruised roots are trimmed, a short length of 
the tap root also cut away and the seedlings then put in with 
the cents and rootlets, as far as possible, in their natural position. 
sj The seedlings for the nursery are raised separately in seed-\ 
beds. The seeds intended for sowing in these beds are gathered \ 
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from ripe coffee fruits from selected plants. These fruits are 
pulped by hand ; and sound beans which are uniform in size are 
selected ; pea berry beans and beans from berries in which one 
grows at the expense of the other which it almost reduces to 
nothing in size are discarded. Though the custom at present is 
strictly to avoid ' peaberry ' as seed, recent experiments at the 
Coffee Eesearch Station, BalehoDnur, Mysore, have shown that 
' peaberry ' can be used as Beed. Plants raised from ' peaberry ' 
grow normally and yield good crops, which contain moreover a 
much higher percentage of ' peaberry ' beans than is usual. The 
beans are then rubbed with ashes to prevent them from sticking 
to each other, and are put out to dry in the shade. After drying 
they ate sown thinly in a seed bed by pressing lightly each bean 
into the soil about £"deep; the bed is now kept regularly 
watered. In about four to five weeks the seedlings show above 
ground with the parchment skin still covering the cotyledons 
and in another fortnight, or about seven weeks from sowing, the 
cotyledons are open and the seedling is well above ground. At 
this stage the seedlings are gently removed from the moist seed 
beds and transplanted in the nursery beds or in babkets as 
already mentioned. Heed beds are sown in the months of ; 
January to March and after transplanting are available for put- 
ting down in their permanent places in the months of July to 
September of the following year. The sprouting of the 
seeds is in some places carried out in bundles of moist 
straw twists, until the radicles just begin to show and then 
put out in the seed beds to be later transplanted to the 
nursery beds. Germination can be hastened considerably, by 
sprouting the seeds in soil contained in shallow dealwood boxes, 
which are kept covered over with a sheet of glass during nights. 

A nursery for plants suitable for shade shoulB also be main- 
tained in order to have seedlings in readiness for planting 
vacancies. 

Planting. — In planting out coffee plants in their permanent 
places, more than one system prevails. ' Arabicas ' are seldom 
planted wider than 7£' X 7 J'J Between these limits considerable 
variations can be seen, the commonest are 6'X6' and 5'X5'. 
Under good management, Arabica bushes attain much bushier 
growth than is generally believed and can be seen to have fully 
covered the ground even when planted 9'x9' or 10'XIO'. For 
Bobusta coffee the distance is much greater, being 9'X9' or 
10'XIO'. The distance maybe varied in accordance with the 
general principle that on good soils, the planting may be wider 
than on poor soils, and blocks and estates dealt with accordingly. 

The pits for putting the plants in are made two feet in depth 
and about a foot in diameter ; 18" square and 18" in depth are also 
usual but a 24" depth is preferable. They are filled to the top 
with good jungle soil, with a small ridge all round, basin fashion. 
On sloping land this kind of protection is very necessary, even 
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though the earth around the plant may sink a little and prevent 
-wash. 

Plantings are made in the months of July to September. 
August will be a good month to plant, as it just clears the heavy 
rains and will be followed by light rains for the next three 
succeeding months. Some difference is sometimesmade according 
as the nursery plants are grown in baskets or in the ground, the 
former being planted in September and the latter much earlier i.e., 
in June — July, some considerable time before the onset of heavy 
rain. Seedlings are planted with the least disturbance to the 
roots which should not be freed from the basket or from the 
soil mass with which the seedlings are lifted from the 
nursery. After the plants are put in and the earth firmly tamped, 
the plants should be tied to thin stakes driven close to them and 
should also be covered with some shading material such as a 
leafy twig or fern. 

Temporary Shade and Cover Crops. — It will be a good 
plan to sow a crop of tall growing green manure crop 
which will in the first two years shade the coffee, cover 
the ground between the rows, and enrich the soil ; its value 
as quick growing shade to the coffee at this stage is however its 
great merit. The crops suitable for this purpose are 'Tephrosia 
Candida' and 'Crotalaria anagyroides', the former being the more 
efficient. Sown thin in one row or two rows between newly 
planted coffee about the same time as the latter is put in, they will 
make a rapid growth and will be serviceable for at least two 
years. If necessary they can be kept up even longer, but thinned 
out to the extent necessary for avoiding any impediment to the 
growth of the coffee. During this period other temporary nurse 
shade like 'Erythrina lithosperma' and 'Gliricidia maculata' can 
be raised, and fihe Tephrosia, etc., then removed. The Tephrosia 
will largely prevent weeds from springing up and a good deal of 
labour in weed removal which is a large item in expenditure at 
this stage can be avoided. 

"Where Tephrosia or Crotalaria is not thought desirable 
owing to sufficient shade already existing, the space between the 
rows in the young plantation and in fact all vacant spaces among 
supplies in the older plantation may be sown with a leguminous 
cover crop which will serve the purpose of a green manure as 
well. The creeping or low growing leguminous crops like 
cowpeas, and other pulses are suitable but the beat would appear 
to be. 'Centrosema pubescens' which grows quickly, covers the 
ground thoroughly like a carpet and suppresses all weed growth, 
and lives on from year to year without a fresh sowing. Some of 
the ' Indigoferas ' are found even better suited for this purpose 
than the 'Centrosema ', 

Manuring. — Coffee is one of the crops for which manuring 
with commercial fertilisers is fairly general and systematic. In 
the earlier days of coffee planting very high yields are said to 
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have been obtained even without any manuring, which is attri- 
buted to the great fertility of the virgin jungle soils. Even now, 
in rnanurial experiments, it is not at all uncommon for the 
unmatured plots to yield a bigger crop than the manured ones. 
Though manurial experiments to determine the kinds and 
quantities of manures to be applied and the best time for their 
application have been numerous, results are more or less inconclu- 
sive, a fact which is largely due to the variation in the inherent 
character and performance of the plants themselves which is 
often greater than the variation produced by manures or other 
treatment whose effect is attempted to be measured. Experi- 
ments free from, or designed to make allowance for, this disturbing 
factor are still therefore a desideratum. Some measure of 
agreement nevertheless prevails about the kinds and quantities 
of the manures to be applied, though many planters have their 
own ideas based more or less upon the experience in their own 
estates. The recommendation made herein regarding doses 
embody what may be called the safe principles. A basal dose of 
cattle manure, at the rate of about five to ten tons per annum 
should be given, and as there is never enough of this to be had, 
they are to be applied once in three or four years to as many 
blocks in rotation. Manuring should be complete, supplying 
nitrogen, phosphoric acid, and potash, and not one-sided, supply- 
ing only one or other of these ingredients The quantities of 
nitrogen, phosphoric acid and potash should be given in more 
than one form, such as oilcakes and sulphate of ammonia for 
nitrogen, superphosphate and bonemeal tor phosphoric acid, and 
of sulphate and chloride of potash for potash. The year's manuring 
should be in two parts, one being applied before the monsoon 
rains, i.e., about the month of March and the other part after 
the heavy rains, i.e., in the month of September* The bulk of 
the nitrogenous manures should by preference be applied in the 
month of September, the other part being applied in the month 
of March, in the idea that the latter is in time for the 
formation of fruit and the former for the building up of new 
wood. The quantities of nitrogen, phosphoric acid and potash to 
be applied per acre are, Nitrogen 25 lbs. to 40 lbs. Phosphoric 
acid 45 lbs. to 64 lbs., and Potash 60 lbs. to 80 lbs. The Mysore 
Department of Agriculture recommends the following mixture, 
viz., in heavily bearing areas apply 385 lbs. per annum, of a 
mixture made up of 150 lbs. of ground-nut oil-cake, 40 lbs. of 
sulphate of ammonia, 76 lbs. of concentrated superphosphate and 
120 lbs. of a mixture of equal quantities of chloride and sulphate 
of potash ; for evenly bearing areas, apply 280 lbs, of a mixture 
made up of 100 lbs. of ground-nut oilcake, 40 lbs. of sulphate of 
ammonia, 60 lbs. of concentrated superphosphate and 80 lbs. of a 
mixture of equal quantities of chloride and sulphate of potash. 
Coffee soils are, as already mentioned, low in their lime content 
and have a low pH value. An application of lime at the rate of one 
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ton of air slaked lime given once in five years, may be taken to 
meet the requirements in lime, ordinarily. The lime manuring 
is to be given only after the soil is tested for acidity, and the 
year's dose of the other manures should be deferred for two 
months after the liming, so as to avoid all risks of caustic lime 
acting on the sulphate of ammonia and causing loss of nitrogen. 
Other oilcakes like neura oilcake, or castor oilcake can be substi- 
tuted for ground-nut oilcake, bonetneal (raw or steamed) sub- 
stituted in part for the superphosphate, ordinary superphosphate 
itself can be used in the place of the concentrated superphosphate, 
according to the ruling prices and the convenience of obtaining 
them in the market. The necessary quantities .required to 
provide the particular plant food can be easily calculated from the 
composition of the different manures selected. The "composition 
of the coffee bean in respect of the plant foods is : Nitrogen — 2.3%, 
Phosphoric Acid — 0.4% and Potash — 2.0%. The plant foods 
removed by, say, a 4 cwt. crop will therefore be about 13 lbs. of 
nitrogen, 3 lbs. of phosphoric acid and 12 lbs. of potash, in the 
cured beans alone. As however only a fraction of the manures 
is utilised by the crop, considerably more has to be applied than 
is actually removed in the shape of the crop. The special needs 
of the crop for producing both crop and bearing wood have also 
to be considered. Based upon considerations like the above, the 
manure dose has been 6xed, as noted above. 

The application of the manure is made by scattering the 
quantity at the base of the plants between the rows and around 
the bushes. The quantity per acre may be divided by the number 
of bushes and small tin-can measures or othfir receptacles made 
to hold this quantity, with which the manure is taken out and 
scattered between rows, so that the bushes may be manured 
uniformly. "Whether the manure should be forked into the ground 
or other-wise stirred in, in order to mix the manure well with the 
soil, is a moot point. Where a heavy mulch of leaves already 
covers the soil as in a well filled bearing plantation, in practice 
nothing is to be gained by such forking and it may be dispensed 
with. Where the bushes are not filled and the ground is open or 
has a weed growth, then the manure should be forked into the 
ground, after the weeds are removed. 

Digging and Weeding. — An expensive annual operation in 
the estate is the digging and weeding. Until the rows of coffee 
grow and close up, weed growth is very heavy in the space 
around the btishes, as indeed in all vacant patches, especially if 
the shade too should be insufficient. Cutting down of the weeds 
and the digging of these places is an annual operation which ia 
generally done in the months of September to November, and 
again in February to Maich. A light digging or forking or 
toeing amounting to little more than stirring the soil under the 
bushes even after they have closed up is advised, though it is 
claimed per contra that such a stirring is detrimental to the 



NARCOTICS — COFFEE 409 

young feeding roots which are immediately below the heavy 
mulch of dry leaves and that the mulch itself has the same effect 
as the stirring, which can therefore be dispensed with. A via 
media is what some planters adopt, viz., to give such a digging 
only once in three or four years, the leaf mulch not being 
disturbed during this interval. In Jamaica, it is reported that 
planters go to the extent of growing Guinea grass for the sole 
purpose of being cut and brought in to be used as mulch, and 
that two acres of Guinea grass are grown for every acre of 
coffee- — a fact which shows how greatly the value of the mulch 
is prized in that island of high class coffee. 

Planting Sup])lies. — An important annual operation in the 
estates is the planting of supplies, that is to say, of young 
nursery plants in places where the older plantR have died, been 
badly damaged or removed on account of borer attacks, or 
become too old and unthrifty. A nursery has therefore to be 
kept continually going as a regular part of the estate. The 
supply plants are put in towards the end of August. Where a 
good bush has only been damaged, and a complete removal may 
not be desirable, or the plants are poor on account of the 
plantation having been neglected, the bushes are renovated by 
the method of " stumping ". In this method, the main stem is 
cut down a little above ground level ; new suckers arise as the 
result, the best of them is retained and allowed to grow and 
managed as though it were a new plant. 

Topping and Pruning. — The coffee plants if they grow 
normally will have four or even six pairs of primaries (the 
branches that start from the main stem) by March of the 
following year, that is, some two years from sowing the seed. 
At this stage, the plant is about 2% feet in height and it is now 
: topped ' by cutting off the growing end of the main stem flush 
with the top of primaries. If the plant has not grown well 
enough to attain this height, then it should be left to grow 
further and topped only after this height is reached. The 
' topping ' stimulates into growth young shoots which begin to 
grow vertically from near the base of the top primaries, and 
these shoots are to be removed systematically as they appear and 
the growth of only the primaries in length and thickness thereby 
encouraged. The removal of such shoots is spoken of as 
" suckering ". 

The growth of the plant from year to year consists of the 
lengthening of the primaries, the growing of the secondaries 
(branches starting from the primaries) and their lengthening 
and again of tertiaries (branches starLmg from the secondaries) 
and their lengthening and further branching. The coffee crop 
is borne at the nodes of the branches which are of one season's 
growth or one year old. The aim therefore is to induce a 
lengthy growth of the one year old bearing branch with as large 
a number of nodes as possible. The older branches serve the 
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purpose of foundation stock from which new branches can be 
started to yield a crop in the following year. Growth is however 
not unlimited and branches become poor bearers. A fresh 
sucker or new vertical shoot is then allowed to grow from near 
the top of bhemain stem and is topped in its turn above a couple 
of sets of primaries. This part of the plant becomes a second 
tier which is managed as regards pruning in the same way as 
the first one. In the course of time it may be necessary to 
raise a third tier also. 

The pruning of coffee is more or less uniform and standard- 
ised in practice. The important operations are the following: — 
The central or upright stem having been topped at the desired 
height, the next growth to be attended to are the " secondaries ", 
that is, the side branches which spring from the primaries which 
are the branches springing from the main upright stem. The 
secondaries within one foot of the main stem are cut away so as 
to keep the centre of the bush fairly open. The secondaries are 
generally the first pair to spring from the primaries and are 
nearest to the main stem. The next operation is to remove one 
secondary out of every pair of secondaries in such a way that 
they alternate right and left, that is to say, if the right secondary 
is removed in the first pair, then in the next pair the left is 
removed and so on. This is a kind of thinning out in a judicious 
manner. The next is to remove all tertiary branches as they 
come out. This has the object of reserving the secondaries 
solely for the purpose of crop bearing. Secondaries which have 
borne one or two crops are cut away, and the growth of new 
secondaries induced. Primaries which have grown too long are 
shortened. 

Though this is rouglily the general practice, much difference 
of opinion prevails among planters as to the extent or degree oE 
the pruning required annually and there is therefore considerable 
variation in pruning ranging from 'light' to 'medium' and 
' heavy ' ; some favour a good pruning, almost ' heavy ', so as to 
obtain a regular though moderate yield. Others prune very 
little and put up with the alternate heavy and light crops. 

There are other forms of pruning, and training of the plant 
which are however not to be seen in India. In one called the 
" Agobiada ", for example, the main stem is bent along the 
ground and staked down when it is young and several suckers 
or upright branches are allowed to grow almost like so many 
different plants and are worked accordingly. Worked-out 
branches are removed as they become useless and are replaced 
by fresh suckers. Other methods are also in vogue but the 
system adopted in India is the "topping" mebhod described 
above. 

Coffee is also grown without topping at all. The world's 
largest production, viz , that of Brazil, is from bushes grown 
without topping. Two or three plants are planted in each hole 
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from which they grow into tall many-stemmed bushes, without 
any pruning or training and left to grow naturally. Much of 
the crop on the bushes is borne too high to be reached from the 
ground by the pickers and step ladders are largely in use for 
this purpose. In Mysore considerable areas of old coffee bushes 
raised in this way (which is called ' nati ') can still be seen. The 
branches and suitable stems are bent down when picking the crop, 
sometimes the end of the bent stem is held down by the foot, 
both hands being thus freed for picking. ■ New suckers are allowed 
to grow at intervals of a few years, and the old ones cut off. 

Harvesting and Preparation of the Produce. — The coffee 
plant begins to bear in the third year after, it is planted. It is a 
very moderate crop and planters advice that the flowers should 
be removed and only vegetative growth encouraged. Crops 
continue to be small until the plants are at least five years of 
age. From that period the bushes continue to bear and under 
ordinary cultivation continue to yield crops for fifty years, and 
even longer. It must be said however, as indeeJTs"*BeIiive9 by 
many, that the plants at this stage are long past their economic 
bearing capacity and should have long been replaced by new 
plants. The coffee flower buds begin to form in the month of 
March and continue to grow in length and size and with the 
first heavy rains of April they swell and elongate and within a e > 
week after the rain the blossoms open. The plantation is at 
this time one mass of white flowers, the plants looking as if 
covered with snow ; the bushes are alive with honey bees 
which feast on these flowers and help in the fertilisation. From 
that time onwards, with proper rains tho berries begin to 
set and swell. 

It is a great advantage to have a number of bee-hives in 
the estates and produce honey as a small source of income. 
The bees help in the fertilisation of the flowers and the setting 
of the fruit. 

The coffee becomes ripe enough to pick from about the 
beginning of November when " fly picking " begins, that is, the 
small scale picking of somewhat stray ripe berries showing here 
and there on the bushes. The main picking begins latecitom, 
December onwards, pickings" being somewhat later on the higher 
elevations and colder sections than at low elevations and sunnier 
aspects. If there should be rain about this time, this has the 
effect of hastening the ripening which comes in with a rush. 
Picking of the ripe coffee continues well into January and then 
is followed by a "stripping ", that is, piekingof all that is left 
whether fully ripe or not and still later by " gleanings ", that is, 
the gathering of all fruit that may have dropped on the ground. 
The main pickings are all of fruit which is well coloured and is 
ripe. This is the crop made use of for " parchment ". 

'Parchment' Coffee,— Coffee intended for the making of 
' Parchment ' has to be picked when ripe and fully coloured, which 
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makes it necessary for picking several times in order to gather 
the ripe ones as they gradually become ready. In the case of 
" Cherry " coffee, this procedure is not necessary and the pickings 
need not be so many. Four rounds of pickiDg at least are 
necessary for " parchment " and even as many as twelve rounds 
are made on high elevation estates. " Parchment " making is the 
method adopted on all larger estates and it requires considerable 
equipment by way of machinery, tanks, drying floors and mats, 
etc., and above all, a plentiful supply of water. The latter is 
arranged for from storage tanks impounding a flowing stream in 
the estate and situated above the pulping house to give a good 
running flow. The method of " parchrnpnt " making comprises 
the following processes : — 

(1) " Pulping ", -i.e., removing the sweet mucilaginous flesh 
and the skin and freeing the berries inside, (2) loosening the firmly 
adhering mucilage over the berries by a process of fermentation 
which consists in merely keeping the pulped berries heaped up, 
overnight or longer, (3) after thus loosening the mucilaginous 
coat, rubbing it out by trampling under the feet of coolies and 
washing the berries in repeated charges of water until the berries 
are quite free and clean, (4) the drying of the clean produce which 
now bears the name of "parchment" or "parchment coffee". 
^Parchment is really the name given to the tough (parchment- 
like) coat which envelops the coffee bean at this stage. 

Without going into a description of the machinery and 
other equipment, attention may be drawn to a few important 
points. Uniformity is one of the qualities aimed at in 
"parchment". For this purpose immature beans (which will 
get cut in the pulper) and light beans are as far as possible 
separated out, in efficient pulping houses by being floated out in 
the flumes carrying the berries to the pulping machine. The 
berries are pulped the same evening they are picked and not 
allowed to lie over, if this can be helped The time for fermen- 
tation is subject ,to variation according to the prevailing 
atmospheric temperature, sometimes takiDg only 12 houcs and 
sometimes 36 hours (though the latter is the commonest at this 
picking season) , and has to be stopped at the correct stage by a 
test washing occasionally. At the washing stage all light beans 
which are now easy of removal should be well separated out. 
The washing should be thorough so that a handful of the washed 
beans taken in the hand, pressed and let go, freely fall away from 
each other without the least sticking. Underwashing produces 
spots on the dried parchment and a brown stain on the bean 
inside the parchment, which is a blemish called " foxiness " in 
coffee. Overwashing on the other hand weakens the parchment 
and causes it to split at the drying stage, Drying is conducted 
over mats or on brick or cemented floors out in the sun in the 
open and in both cases the risk of stains on the parchment 
should be guarded against, as well as damage by rain. 
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Seven days of good sun are considered enough to dry the 
produce to tbe correct stage; the object is not to dry it bone- 
dry ; the stage of dryness agreed npon in practice is such that a 
bushel of this parchment will weigh from 30 to 32 lbs. 

' Cherry ' or ' Native ' Coffee. — Instead of preparing * parch- 
ment ' coffee, fruits are also merely dried in the sun without any 
pulping at all. This is called "Cherry Coffee " or " Nat " Coffee, 
When coffee is grown on a small scale, say up to an area of 
about 25 or even 50 acres, only " Cherry " coffee is made ; in 
large estates which make ' parchment ', all the small pickings, the 
stripped coffee and the 'gleanings' are all simply put out to dry 
and " Cherry " is made. The " Cherry " comprises not only 
good ripe fruits, but fruits in different stages of ripeness and 
even unripe ones, A good drying floor is all that is needed, on 
which the fruits are spread and allowed to dry in the sun. 
Fourteen days of such drying are generally required to dry the 
fruits thoroughly. 

Though sun-drying is the general practice in India, drying 
of coffee by artificial heat is also in vogue in many countries 
such as Java, Ceylon and Brazil. The drying is effected by 
heated air in special drying chambers or in drying cylinders 
through which the hot air is passed as they slowly rotate. It is 
claimed that in these drying methods which are controlled as to 
both temperature and ventilation, other advantages also result 
such as the ripening of beans not fully matured, the killing of 
the " stephandores " bean borer, and the bringing about of defi- 
nite colour tints such as yellow or blue as may be desired. 

Before the coffee can be sold it has to be ' cured '. This 
consists in the removal of the parchment and the silver skin in 
the case of parchment coffee and of the dried husks as well in 
the case of the cherry coffee The produce is also further dried 
to facilitate this removal. In small scale cultivation the cherry 
is generally hulled by hand pounding in the grower's household 
itself. The husks are thereby removed together with much of the 
silver skin, and by winnowiDg, sieving, garbling, further clean- 
ing and separation of broken bits, and a certain amount of 
sorting, this coffee is ready for the market. Estate grown coffee, 
botb parchment and cherry, is all sent out to the curing works ; 
curing on the estates themselves is exceptional in South India 
though in other countries it is more general. Special hulling 
machinery bandies the coffee in these works, by which the coffee 
is freed from husk and parchment and the silver skin also in 
part ; it is at the same time sorted into the different commercial 
grades, and broken bits, dark beans, etc., are also removed. This 
clean and cured coffee is marketed in different grades. The brokeu 
bits, dark beans, etc., which are removed by hand picking (called 
'garbling') form the " triage and broken bits" of the trade. 
Before the coffee is shipped, it may receive a further cleaning and 
polishing, or be shipped unpolished, 
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Among the malpracties in the trade is that of " bluing " 
coffee, that is to say, coloring it slightly blue artificially, so as to 
make poor coffee resemble superior coffee and pass it off as such. 

Outturns of Cured Coffee— The outturn of clean coffee from 
' parchment ' varies considerably from estate to estate and from 
year to year in the same estate. This is due to the varying pro- 
portions of light berries caused, as is generally believed, by condi- 
tions of weather, diseases, soil and differences in manuring, The 
outturn which is usually expressed as the number of bushels 
required to yield a ton of cleaned coffee, ranges from about 76 in 
the tracts of highly ferruginous soils, where the beans are said to 
be exceptionally heavy to even as low as 95. Outturns of about 
82 may be considered good and about 85 an average. 

Curers' statements specify, in addition, the proportions of the 
different grades in the lot cured. These have reference princi- 
pally to the size of the bean, such size being fixed by the 
diameter of the aperture in the grading machine. Though in 
a matter of this kind one would expect a fixed standardisation, 
in practice there is a lack of such defmiteness due apparently to 
machines of different makes. The following is a specimen of the 
statement of outturns usually furnished by curers : — 

Parchment Lot 1. 888^- bushels. Lot II 287 bushels, 

gave 123 owfcs. extra-bold O. 48 cwfcs. exirabold 0. 

48 „ A 12 „ A 

3 ,, B 6 „ Peaberry 

19'2 „ Peaberry 3 „ Triage 

12 „ Triage 

Outturn, 86 bushels per ton. Outturn, 81 bushels per ton. 

Some Technical Terms Explained. — In order to understand 
correctly the description of the operations carried out after the 
coffee is picked, an explanation of some of the terms employed 
will be helpful. The coffee fruit, green or ripe, is called the berry. 
Proceeding from the outside inwards, the various parts of the 
berry are (1) the outer skin, green when unripe and red when 
ripe, (2) the sweetish flesh called pulp and mucilaginous layer 
firmly adhering to the pulp, and on each seed, (3) the tough 
membranous skin called " parchment ", (4) the thin tissue- 
paperlike membranous cover called the " silver skin " and (5) the 
.tw.o__jej.4vJ3fi^ and flattish on the inside 

which- -a-re— the- coffee "-beans,.", that rs'"lo"say,~"trre"~coffe'e"of" 

commerce. The groove -like depression on the flat face ol the 
bean is* called "suture." In a normal berry these two beans 
are equally well developed, one being exactly like the other. 
In some berries it happens that one bean develops at the expense 
of the other, with the result that one becomes very much larger 
than the normal bean and the other very much smaller. The 
latter may indeed become so small as to be reduced to a rudi- 
mentary little flat disc while its partner becomes proportionately 
larger, so much as to be called an " elephant " bean, In some 
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berries, only one seed develops which then assumes an almost 
rounded shape. Such beans are the so-called "Peaberry" 
coffee. The term ' extra-bold ' ' bold ' 0, A, and B denote in a 
descending order the sizes from large to small of the cured coffee. 
These sizes range from 7mm for to 6mm for C. The cured 
coffee is all subjected to " garbling ", that is to say, broken, 
spotted, 'foxy,' pale, withered, ' elephants' and, small bits and 
stained beans are picked out by hand and the lot so separated 
out is called " triage." The garbling removes also what is called 
" blacks and bits ", which include beans of which three-fourths 
or more of the surface is black and bits of half the size of a bean 
or less. "Peaberry" usually amounts to from 5 to 10 percent 
of the cured coffee, and it fetches the highest price ; the bold 
and A comprising good sized uniform beans with a straight suture 
come next and the others come further down in the scale of 
prices. The cured coffee from the ' parchment ' is spoken of as 
' Plantation ' as against the ' Cherry ' or ' native. 1 

The different prices for these commercial grades 
generally bear the following ratio to each other. Thus if peaberry 
is ranked as 100, the other grades may be valued as under ; — 
Grade 0— 80, Grade A— 76 to 78, Grade B— 66, Grade C and 
triage — 62, Blacks, bits and browns — 46. 

Calendar of Operations. — The large number of operations to 
be carried out in a coffee plantation, most of which have been 
explained in the previous paragraphs, are summarised in the 
following calendar of operations from month to month, which is 
usual in estates in Mysore. 

January ... Watering nurseries, picking crop, pulping and drying' 
February ... Watering nurseries, picking crop, pulping and drying! 

digging, pruning, shade regulation, and lopping ', 

buildings or repairs thereto. 
March .,. Sowing and other work in nursery, stripping and 

gleaning coffee, pruning, digging, cutting grass for 

thatching in lines, shade regulation. 
April ■ . . Pruning, digging, gleaning, repair of lines, roads and 

drains, manuring with phosphates and potash, 

pre-monsoon spraying, migrant labour departs. 
May ... Finishing pruning, nursery work, filling vacancies. 

June ... Cutting stumps or branches for shade, planting shade 

trees and stumps, filling pits for coffee, planting 

coffee begins. 
July ... Planting coffee and shade, centring and handling coffee 

bushes, cutting up fallen trees. 
August . . . Planting coffee and shade, centring and handling coffee 

bushes. 
September . . . Post-monsoon spraying, weeding, suckering, digging, 

manuring with nitrogenous manure, 
October ... Same as above. 
November ... Same as above and preparing drying ground for coffee, 

fly picking. 
December ... Picking coffee and pulping and drying. 
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Botany and Varieties.— The coffee plant belongs to the 
natural order Eubiacea.e. , Depending on the species, the plants 
are merely shrubs of about four feet in height, or attain a height 
up to ten or twelve feet or are moderate sized trees. Likewise, 
according to the species, the size of the stem varies from only an 
inch or two in diameter to stems up to nine inches or a foot in 
diameter. The leaves which also likewise vary in size, shape 
and colour are either narrow or broad, spindle shaped and 
pointed ; they are opposite and in pairs which are ' decussate ' or 
placed in such a way that each pair is situated crosswise over 
the pair above and the pair below it. The leaves are smooth and 
shiny and possess stipules about the petioles which coalesce into 
the interpetiolar type characteristic of the order. The branches 
are thin and whippy and spring in pairs opposite each other and 
decussate, with the pairs above and below. The flowers are 
cymose clusters springing from the axils of the leaves, milk white 
in colour and, in the mass, highly fragrant. The calyx is small 
and the corolla gamopetalous, the petals being five in number. 
The stamens are also five and are adherent to the irmer side of 
the tubular corolla. The ovary is inferior and is surmounted by 
a single bi-fid style. The corolla tube together with the 
adherent stamens easily breaks off at the base and can be pulled 
away clear of the style even in the bud stage when the latter is 
almost due to open. The flowers can thus be easily emasculated 
without iffjuring the stigma in any way. This makes it easy to 
cross-pollinate the flower under controlled conditions with any 
other flower which may be desired as the male parent in the course 
of breeding work. The coffee fruit is ,a .two-seeded drupe which 
is however wrongly but commonly referred to as a berry. 

Varieties Grown. — Among the many species of Coffee those 
in cultivation are only, three, viz., Coffea .arabica, Coffea robusta, 
and Gpffea,, excelsa (or liberica). The bulk of the world's 
production of coffee consists of ' arabica' and until about twenty 
years ago it was practically the only coffee of any importance. 
Coffea robusta which was introduced as a hardy species, which is 
■ largley free from the leaf disease 'Hemelia vastatrix', so destruc- 
tive to 'arabica', and which can be cultivated even in low eleva- 
tions on which 'arabica' will not flourish, now occupies large areas 
and has come into much prominence. Both in Java and in 
South India the area is on the increase steadily, although 
compared with the world's production of 'arabica ', it is only of 
small importance. Coffea excelaa which is a variety of Coffea 
liberica is of still less importance. 

The main characteristics which distinguish these three 
species and varieties grown, are as. described below : — 

Coffea Arabica. — The Coffea arabica is a bush about 10 to 
12 feet in height with thin whippy branches growing horizon- 
tally opposite each other in pairs, and with a stem about 4" to 5" 
round. Except in Brazil, the bushes are grown pruned low to 
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about 4 to 5 feet and are not allowed to grow higher ; the stem 
of these pruned bushes attains a bigger size and may be as much 
as 10" round. The root system is nob very profuse, but has 
considerable depth and lateral spread, furnishing a good ancho- 
rage and a wide feeding area. There is a strong taproot, and 
often a large number of axial vertical roots. The laterals turn 
downwards at varying distances from the trunk of the root, so 
that the root system is evenly disposed and deep. A few stray 
roots can be traced to 9 feet and sometimes 10 to 14 feet in 
certain tracts. The leaves are lanceolate in shape, the tip being 
narrow and pointed, and are about 5 to 8 inches in length and 
3 to 4 inches across at their widest, and deep green in colour, 
smooth and glossy. In some types or varieties of ' arabica ', the 
young leaves are light brown or copper-coloured changing to 
green as they grow older. The varieties show differences in the 
habit of growth of the primary branches, which sometimes 
grow straight outwards horizontally, and sometimes, especially 
when the plants are young, grow upwards at an angle of about 
45°, and in other cases grow outwards and bend down and out- 
wards again, thereby completely walling in the stem. Under 
normal conditions of rainfallj the blossoms open about the same 
time in the month of April and the berries ripen also equally 
uniformly about December. The fruits are borne in clusters at 
the leaf axils of one year old wood, containing from 15 to 20 
berries per cluster. As the berries ripen, they chaDge colour and 
become coral red when they are quite ripe. In one variety 
however (the ' golden drop') the fruits are a little larger and are 
of a deep orange shade rather pretty to look at. The beansare 
of a fair size and quite comparable with the size of the berry 
itself. The flavour is typical and is deemed superior to 
the other species, although varieties, soil and climate cause 
differences in quality to which reference will be made later on. 

The species is subject to the leaf disease Hemelia Vastatriz, 
though some varieties appear to be resistant. The epecies can 
be cultivated only at higher elevations from about 2,500 feet to 
5,000 feet. 

Many varieties and strains in ' C, arabica' have attained 
considerable importance in South India and elsewhere. A most 
noteworthy one among these is called Kent's coffee. The strain 
is a vigorous grower, somewhat resistant to leaf disease, and 
gives a good yield with bold good sized 'beans. Those called 
' Goorgs ' and ' Chicks * are among the old favourites, popular to 
this day. The famous ' Blue Mountain ' Coffee of Jamaica, 
which is the highest priced coffee in the market, is a heavy 
bean with a bluish colour excelling all others in quality. The 
variety ' Marigogipe ' is noteworthy on account of its very Jarge 
beans, sometimes referred to as ' elephantine '. The ' Amerillo " 
or ' Golden Drop ' coffee gives berries which turn orange red 
when ripe instead of the coral red of ordinary coffee. All these 
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can be seen here and there as small scale introductions in South 
India. There are again the so-called hybrids, many of which 
are seen in cultivation among the ordinary coffee. These are 
characterised by a bushy growth and freedom from leaf disease ; 
but they are uncertain bearers on account of the malformation 
in their floral organs which makes them sterile in whole or part. 
Two among these however are free from these defects and have 
gained some popularity. These are known as Netrakonda or 
Brown's hybrid and Jackson's hybrid. 

Gofjeu Bobuata. — ' Coffea robnsta' is markedly different from 
'Ooffea arabica' having longer branches and a more bushy habit of 
growth, with longer and broader leaves and a very large number 
of berries in the clusters. Like ' Coffea arabica ' it is also grown 
pruned but it attains as ordinarily grown a considerably greater 
height of about six to eight feet. The leaves show great varia- 
tion in shape and colour but in all cases are much larger than in 
'arabica', being 9 to 12 inches in length and about four to five 
inches across the middle which is the widest part. The midribs 
and veins are slightly sunk and the leaf surface presents a rough 
and somewhat corrugated appearance. In some types the leaves 
are smooth and in some the midrib is elevated and the two 
halves of the leaf blade slope away downwards. The young 
leaves in all types and all the leaves, including the older leaves, in 
some are copper-coloured ; probably these obvious differences 
correspond to differences in yield, quality and so on All the 
flowers do not open about the same time and the picking season 
iB later than January and is spread out also longer. The more 
luxuriant growth yields longer branches with more numerous 
bearing nodes and the clusters are strikingly large. Berries 
numbering from 25 to 50 can be counted in each cluster. The 
berries are however smaller than in ' arabica ', They change 
colour to a light red when ripe and yield beans which are 
considerably smaller than the 'arabica' bean. 'Coffea robusta' is 
however immune to leaf disease and to the stem borer but is 
subject to a shot-hole borer which attacks the primary branches 
and kills them. The species is adapted to much lower elevations 
than ' arabica ' and can be grown even at sea level and on light 
sandy loams also. Many abandoned ' arabica ' estates where 
'arabica' has been killed out and 'supplies' will not take, have 
been planted up with ' robusta ' which flourishes quite well. 

doffed Excelsa. — 'Ooffea exoelsa', also called Liberian coffee or 
Coffea Hlerica, is a tree of moderate height attaining about 25 feet. 
It is grown as such and not pruned like the ' arabica ' or the 
'robusta.' Its tree trunk is fairly large reaching about 15 to 20 
inches in girth. The leaves are strikingly different from the 
other species, being ovoid in shape about 6" to 7" long and 4" broad. 
They are thick and leathery, somewhat dull pale green in colour. 
The young leaves are shiny and copper-coloured but the older 
ones are of a much deeper tint, almost dark, The berries are 
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much larger and ave borne both in the leaf axils and in the bare 
branches in singles or in clusters of two or three as in some 
' ficus ' trees. They have to be picked by climbing the trees. 
The beans are small but the quality is said to be good. The 
trees are however hardy and the species suits poor soils also. 

Many other varieties are to be seen which show marked 
differences from each other. A notable one among these is called 
'Abeokutaa ' whose berries have sharply striped red and yellow skin, 
smaller than the ' liberica' but with a superior flavour and taste. 

' Coffea congensis ' is another noteworthy species, the berry 
of which resembles 'Coffea arabica' and the bean is attractively 
bluish in colour. 

' Coffea eugenoides ' is a very low bush with very small 
leaves looking very different from any of the species mentioned 
above. The berries are small, coral red when ripe, with the 
beans about half the size of ' robusta,' the quality being consi- 
dered very good. 

Pest and Diseases — Insect Pests of Coffee— C. arabica is sub- 
ject to two major insect pests, viz., the stem borer and the green 
bug. 

The Stem-borer. — Xylotrechus quadripes, Ch. is a beetle pest 
which damages the coffee bush by boring and eating into the main 
stem of the bush, and eventually killing the bush. The weaken- 
ing of the bush is however the earlier and proceeds progressively 
for several years before the bush is killed. The borer attacks 
both the main stem and larger branches. The adult is a dark 
brown longicorn beetle about a third of an inch in length. The 
beetle lays its eggs in the cracks and crevices of the stem ; these 
hatch in about ten days and the young grubs commence boring and 
tunnelling in the stem, first close to the bark and later into the 
interior-of the wood in the stem. The larval stage, occupies ni a e 
months, after which they cut a passage near the bark and pupate 
close to this hole. In about a month the beetles emerge, fly 
about and begin laying eggs on the stems of other bushes situated 
even a long distance away. 

The stem borer attacks bushes of all ages and the attacked 
plants have an unthrifty appearance with a number of bare or 
nearly bare branches, arrested growth of new branches, a general 
" crow's nested " top and yield a yearly diminishing crop. The 
stem shows a number of knot-like growths looking like the 
calluFssed-over base of a branch broken or fallen off. In advanced 
stages the stem though apparently sturdy, loses its firmness of 
hold in the soil and can be shaken and the bash easily uprooted. 
A large number of bushes have to be removed every year and as 
the pest spreads, the proportion of such plants increases with a 
consequent steady reduction in crop. This removal of bushes of 
bearing age in large numbers occasions serious loss. An attacked 
bush left standing is a serious menace to all coffee in the neigh- 
bourhood, as adult beetles emerge from such a bush, fly about 
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and lay eggs on other bushes and start ths pest in these healthy 
bushes. The remedies consist firstly in the systematic removal 
of all affected bashes. After removal these stems should all be 
promptly burned as otherwise they will harbour the pest and 
beetles may emerge. The second remedy which should also be 
adopted as* part of the first one, is to prevent the deposition of 
the eggs by the beetles on the healthy bushes and the removal 
of any that may have been deposited. For this purpose, in the 
month of October the stems are scrubbed completely by a blunt 
blade or a bit of rough cocoanut fibre rope, by which process 
any eggs and larvte close to the surface are knocked off and 
destroyed. In the alternative the stems should ba swabbed with 
a tar distillate, of which more than one brand is available. 
This also has the effect of not only killing any eggs and larvae., 
but of acting as a repellant to the beetles. A dense shade 
keeps down the pest somewhat, while insufficient shade and 
much light favor its increase. 

The green bug (Lecanium viride, 6.) infests the leaf surface 
along the midribs and sucks the juice out of the leaves arresting 
the growth of the leaves and drying up the branches eventually. 
The leaves also become covered with a sooty mould which also 
impedes their growth, If no remedial measures are taken up 
promptly the pest spreads a good deal and can kill out consider- 
able portions of the bushes. The presence of ants in large 
numbers under the bushes gives an early indication of the onset of 
the pest. As soon as the pest is noticed all attacked bushes should 
be sprayed with a solution of 'honge' oil soap, made by dissolving 
1 lb. of soap in 5 gallons of water. The spraying should 
be done as scon as possible after the rains cease (about the months 
of October and November) and should be repeated at intervals of 
fifteen days, twice or thrice until the pest disappears. In any 
case the spraying should stop before harvest commences. 

A serious insect pest of C. arabica is the berry borer 
Stephanadores hampeii. South India is however free from this 
borer pest and any possible introduction from outside is guarded 
against by the prohibition by law of all import of raw coffee into 
India. It is usual in Java, where the pest prevails, to immerse all 
raw coffee in boiling water for a few minutes and then dry it for 
marketing. 

A pest (though not an insect pest) of some seriousness of 
C. arabica is the nematode or eel-worm which infects the roots of 
the coffee and weakens the plants considerably, causing serious 
reduction in the crop yield and in the vigour of the plants. As 
the soil in these estates is fully infected, and the eel-worms 
persist in the soil even after the removal of the dead plants, 
it becomes impossible for supplies of C. arabica to become 
established or for such areas to be planted anew. The usual 
methods of dealing with the eel-worms are not applicable on an 
estate scale and the only remedy appears to be to replace 0. 
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arabica with G. robusta, which indeed is what is being done in 
these infected tracts. 

G. robusta, though free from any serious pest so far is 
subject to a ' shot ' hole borer which destroys the primaries. 
Some planters control it, by cutting out the branches, while others 
ignore it, with apparently no great harm resulting. 

Gaterpillars which eat the leaves of the shade trees get on 
to the coffee bushes also in some years and do considerable 
defoliation of the bushes. This occurs rarely. 

Diseases. — The chief fungus diseases to which G. arabica is 
subject are three in number, via., 1. the leaf disease, Hemetia 
vastatrix, 2. blackrot of coffee (Gorticwm kolerogti) and 3. 
die back. 

The leaf disease, Hemelia vastatrix (also called ' leaf rust ' 
of coffee) is the most serious and in the past was the cause of the 
ruin of C. arabica plantations in Ceylon and in parts of South 
India. The attacked leaves show numerous orange yellow 
circular spots, especially on the lower side, and soon drop off. 
The shedding of the leaves not only reduces the crop greatly but 
also weakens the plants and arrests the development. New 
growth and new leaves do appear, but these leaves also in turu 
become affected and as the disease persists from year to year the 
bushes are soon left with only dry bare branches.- It is however 
easy to keep the disease under control by spraying with Bordeaux 
mixture, which is done twice a year, once, before the monsoon 
breaks and the other after the monsoon is over, i.e., in the 
months o£ April and September, respectively. The strength to 
use lor the double spray is 2| — 2| — '50, i.e., half the normal 
strength. Many spraying outfits are available for this work 
from a two-gallon pressure sprayer worked by one man to motor 
driven spray pumps. The Drake and Fletcher Head-land 
spraying machine is a favourite ; with a gang of two men at the 
pump, four ab the hose, and" one man to agitate the mixture, it 
does one acre a day. A. power sprayer driven by a petrol-driven 
engine with a gang of aix men can cover ' three acres a 
day. 

The <: blackrot" (Corticum koleroga) attacks bushes in 
high elevations and tracts of very heavy rainfall. Leaven, 
branches and even berries begin to rot away and die. They 
hang on the bushes covered with the mycelium of' the fungus and 
help to spread the disease. This disease can also be kept in 
check by spraying the bushes in the month of April with a 
normal 5 — 5 — 50 stiength of Bordeaux mixture. 

' Die back ' of coffee, in which the branches begin to lose their 
leaves and slowly dry up from the tip downwards until in the 
course of a few years the whole plant dies, breaks out in certain 
estates in isolated patches from which it spreads. It is however 
never on any serious scale, and spraying with Bordeaux mixture 
in the early stages will prevent the progress ol the disease and 
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save the bushes. The spray used is the same normal strength 
and applied in the month of April, 

A. black or brown spot disease of coffee clue to the fungus 
Cercospora cojfeicola, attacks the leaves and berries. The latter 
is however the more serious as it prevents the development of 
the berry which shrivels in size and becomes tblack in colour and 
often drops off when immature. The' disease seldom assumes 
importance, and can be kept in cheek by spraying with 
Bordeaux mixture. ,, 

The " stump rot " is a common trouble on the coffee estate. 
Bushes begin to die off either in one's or two's in isolated places 
or in groups together, The disease is generally due to the 
fungus from the decaying roots of shade trees which may have 
been cut down and removed, or killed by 'ringing' and left 
standing. The roots of the dead coffee bushes' are found 
" encrusted with a gritty mass of earth, small stones and fungus 
hyphae, brownish in colour, and almost of the consistency of 
charcoal" The remedies suggested are firstly the removal of 
the roots of the fallen trees, and of the dead coffee bushes, and 
of isolating the diseased area by means of a trench separating it 
from the surrounding healthy bushes. 

Arabica coffee has been reported as subject to the attack of 
a somewhat rare vegetable parasite — a species of Balanophbra. 
This is a flowering root parasite and generally impairs the 
vitality of the coffee bush and reduces the yield. The parasite 
is leafless, and occurs in the form of tuberous outgrowths on the 
lateral roots of the coffee. When mature the tubers look like 
potatoes. They now appear above ground and bear'flower heads 
which open, are fertilised and set seed. The seeds give rise to a 
fresh crop when they lodge and develop on coffee roots. The 
remedy consists in digging out the tubers completely before the 
flowering begins and in destroying them. The tubers are 
peculiar in that they contain some iti'8 per cent oil, 11'6 per 
cent protein and only 4 per cent starch. 

Yield of Coffee.' — The yield of coffee per acre of C. arabica on| 
estates under ordinarily good management will amount toi 
bejtwe§|),.2»aB-d-'3:,cwts, The yield is subject of course to a great? 
deal of variation from e'state'to estate depending on the situation 
of the estate, age and condition of the bushes and the manuring 
and the cultivation given and in recent years upon the spraying 
against leaf disease, as well. The variation in this respect will 
range from the above figure up to as much as 10 cwts. an acre. 
On small exceptionally good patches a yield of even one ton an 
acre is said to have been obtained. At the other extreme 
derelict played out estates on which borers have made havoc and 
leaf disease has been severe, yields too low even to justify pick- 
ing are also reported. It has been calculated that if each bush 
produces only HO berries, this will give on the basis of 1,200 
bushes per acre, a crop of one cwt. of coffee per acre — a fact 
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which strikingly indicates that even the 10 cwts. and 20 cwfcs. 
yields mentioned above cannot be called impossible of 
attainment. 

As against the average of about 2$ cwts. of C, arabica the 
G. robusta yields from 4 cwts. per acre on the average with 
yields up to 9 cwts. an acre on good estates. 

The average yields of C. arabica iu other countries as 
compared with India are reported as beiow : — 

Brazil. J.QQ lbs., Columbia 600 lbs., Costa Bica S00 lbs., 

Guatemala 480 lbs., and British East Africa 400 lbs., India 
31j2jbfe s , " ■■-■ 

A somewhat peculiar and disconcerting feature of coffee 
yields is the alternation with almost unvarying regularity of a 
good yield with a low yield. The following records of one estate 
for the period 19 Id to 1935 will give an idea of tbe magnitude 
of this variation :— 280, 672, 45, 390, 392, 140, 268, 84, 336, 
196 lbs. per acre. 

This is regarded as the natural tendency of the coffee bush 
to recuperate in the year following one of a heavy yield but 
some mitigation can ba secured by adequate manuring every year. 
It is also claimed that judicious pruning by which a good 
proportion of bearing wood can be kept up regularly will also 
counteract the tendency to this alternation. 

Quality in Coffee. — In regard to " quality " coffee is classified 
into two classes "Brazil" and "milds". All Brazilian coffee 
belongs to the first category and the coffee of the otlier parts of 
the world to tbe second. The " milds " have " more body, more 
acidity and much finer aroma" than the Brazils which are all 
low priced coffees. The " acidity " does not denote actual acid 
content but a certain characteristic sharpness of flavour. 
Coffees from different parts of the world have distinguishing 
characteristics of taste and aroma to which terms such as 
' syrupy ', ' winey ', ' rich in body ', ' spicy ', ' aromatic ', etc., are 
applied. In fixing prices " quality" is determined by a " cup " 
or " liquoring " test, conducted by men who by long experience 
can detect fine and delicate shades of difference in the taste and 
aroma and body of coffee. It has been found that in respect of 
coffees from the same tract, other things such as colour, shape 
and similar price-fixing factors being equal, the specific gravity 
of the bean is an index of the quality as denoted by the price. 
It has also been found that tbe nitrogen content of the bean 
runs parallel with the specific gravity of the bean and that the 
heavier the bean the higher the nitrogen content, so that the 
compactness of the bean as disclosed by the specific gravity and 
the nitrogen content are an index of 'quality', being directly 
correlated with the price. The specific gravity of the raw 
coffee beans in a number of samples of Mysore Coffee varied 
from 1"288 to 1"281 and of other South Indian Coffees from 
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1'202 to i"278, with one solitary exception which was 1'178. 
The nitrogen content in the Mysore Coffee ranged from 2.045- 
2"485 per cent and in the others from 2"03 to 2'495 per cent. Work 
under a comprehensive scheme of research to determine if and to 
what extent various factors in coffee cultivation such as soils, 
altitudes, rainfall, manures, shade and so on influence ' quality ' 
has been in progress for sometime in Mysore and the 
results should lead to some definite conclusions on this 
subject. 

It has also beeD shown that ' quality' is considerably influenced 
at the " fermentation " stage following the pulping and that the 
organisms present at this stage can bring about changes in 
'quality'. If, for instance, washings from admittedly high 'quality' 
coffee from the fermentation cisterns are added to pulped coffee 
known to be of low ' quality ' undergoing fermentation, 
the resulting coffee is said to be greatly improved in 
' quality '. 

Chtunistry of Raw and Boasted Gofjce. — The characteristic 
content of the coffee bean to which its action on the human 
system as a stimulant is due, is the active principle, cjffjuj.je, the 
alkaloid which, is also present in tea and to a smaller extent in 
co(jd"a:'"""Tbe percentage of caffeine is small and varies consider- 
ably between one species and another. The C. arabica and 0. 
liberica contain in their raw beans from 1'2 per cent to 1$ -per 
cent of caffeine, while the C. robusta bean contains from _2;0 , to. 
'2'6 per cent. Certain species of coffee are also said to exist in 
winch the beans are altogether caffeine-free ; one such is called 
Madagascar coffee. The caffeine undergoes very little loss 
during the roasting of the bean, a rather remarkable fact when 
it is remembered that practically every other constituent under- 
goes important changes in the process. The actual flavour and 
aroma — the so-called 'cup' qualities — are developed only in 
the process oE roasting, although what the exact chemical 
compounds are .which impart these qualities is not definitely 
known. The roasting process brings about, among other changes, 
a rupture of the oil cells in the bean resulting in the escape of 
oil as evidenced by-the oily coat on the roasted bean. There is, 
considerable formation of gases — (mainly carbon dioxide) a 
product of oxidation, part of which is held in the roasted bean 
itself giving it its slightly puffed up appearance as compared 
with the raw bean. Much caratnelisafcion also takes place which 
accounts for part of the aroma and which is taken advantage of 
when coffee substitutes such as roasted wheat and other seeds 
are used as adulterants. The total oil content of the raw bean 
varies from 12 per cent to 14 per cent and of this the volatile 
constituents largely escape in the process of roasting. Other 
changes are also known to take place and the aroma and the 
flavour associated with the roasted bean is the net result of all 
these complex changes. The composition of the roasted bean 
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as compared with that of the raw beau may be seen from the 
following : — 

1-law bean, lioasted bean. 
Moisture ... ... 8-75 3 '75 

Ash ... ... 4-41 4-49 

Oil ... ... 12*96 13'7G 

Caffeine ... ... 1'87 1*81 

Crude fibre ... 20'70 U'75 

Protein ... ... . y'oO 12'93 

Water extract ... ... 3111 30"30 

(Analysis of Santos Coffee taken from " All About Coffee " 
by William H. Ukers.) 

The average composition of the raw beans of Mysore Coffee 
is as below : — 



Moisture 


Proteins 


Ether-extract 


Crude fibre 


Cnrbohydrutea 


Ash 


• 


13'6 


!,* 


19-9 


33-1 


9-2 



The content of mineral 


ingredients averages 


as below; — . 


Iruu and Aluminium oxides 


Lime 


Magnesia Soda Potash Phosphoric Acid 


■0135 


•14 


I 
3-1 | -WB 


1'9 


•8<J 



Adulteration in Coffee. — The great popularity of coffee has 
led to many in al practices in the trade,, such as adulteration, bale 
of ' faked coffee ' and so on. Coffee is sold for consumption as 
raw coffee, roasted coffee or as powder roasted and ground. 
It is in the form of powder that coffee is subject to a great deal 

of adulteration. The _ substauces rjggd, for,, adulteration are 

chick ory root, coffee husks, various seeds such as wheat and 
other cereals, Cassia tora, tamarind seeds, , mango saw, dust, burnt 

sugar, etc. Adulteration with chickory is the commonest,-- 

It is peculiar that the presence of ebickory in coffee is much 
liked by a section of the consuming public and under the name 
of ' French coffee ' the coffee-chickory mixture is a recognised 
trade quality, which is put out and sold largely and which meets 
this special demand. The ' pure food ' laws therefore permit 
such mixture with chickory, even up to a limit of 50 per cent, as 
in Madras and Mysore. Adulteration with the various substances 
mentioned and with chickory itself, if it exceeds this limit, 
amounts to downright cheating, and in some cases may prove 
even a menace to public health. 

Acreages, Production and Trade.— The total area under 
coffee in all the coffee producing countries of the world has been 
undergoing a good deal of variation. Thus the areas for 
three five year periods from 1909 to 1934-35 was 02,84,000, acres 
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1,14,20,000 acres and 1,80,73,000 acres, and came down to 
1,27,68,000 acres in 193(5-37, Brazil accounts for nearly 
70 per cent of this acreage and India for about 1$ per cent. 
Brazil likewise produces nearly 65 per cent of the world's 
production. India accounts for 0*7 per cent. One of the note- 
worthy features of the world's production is the fact that o wing 
to the depression in prices as a measure of maintainin g a 
certain minimum price level, Brazil has been destroying 
enormous quantities of .her production every year, which 
arooixnted during the seven years ending 1937-38 to the hu ge 
total of 74,000,000 cwts., which is equivalent to India's produc- 
tion reckoned for 125 years. 

The coffee acreage of India is about 200,000 acres, of which 
Mysore accounts lor 50"2 per cent, Madras Presidency for 
2o' 5 per cent and Travancore and Cochin 3'7 per , cerrt. The 
total estimated production (1935-36) was 7,02,000 cwts., of 
which about 92,000 cwts., was exported. Since 1931 the 
import of raw coffee to India has been prohibited. 



III. TEA. 

Veenacolve names foe TEA, Kannada— tea sopi?u ; 
Tamil— Thbyilai, Hindustani-GuA 

The tea plant is cultivated for the sake of its tender leaves 
and leaf shoots which are manufactured into the familiar 
product used for preparing the world-famous and well-nigh 
universal beverage which goes by this name. Like coffee and 
rubber, the tea plant is grown in India on a large plantation 
scale and the cultivation is mostly in the hands of large capi- 
talistic concerns, the estates themselves running into hundreds 
and sometimes even thousands of acres in extent. The con- 
version of the green leaf into the manufactured product has 
ceased to be a small scale domestic concern using simple primitive 
appliances and has developed into a large scale manufacturing 
factory process, involving the use of extensive industrial plant and 
machinery and adapted to the handling of the produce of 
hundreds of acres. This development has left little scope for 
any small scale cultivation, and such cultivation where it does 
exist is carried on only in the neighbourhood of the large estates 
and their factories and is devoted solely to the growing of the 
leaves which are sold to the factories for manufacture. Like 
coffee and rubber the cultivation of tea in India is highly loca- 
lised, being confined to certain comparatively small tracts of 
country, such as the eastern corner of India in Assam and 
Eastern Bengal and the southern extremity of the Western 
Ghauts extending from Ooorg to Travancore. Like coffee and 
rubber again tea is also a recent introduction; the - cultivation on 
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any important; scale is less than a hundred years old and can in 
this respect be said. to be intermediate between coffee which is 
much older and rubber which is very reGent. Unlike coffee and 
rubber, however, as an article of every day use tea can lay claim 
to great antiquity. The tea drinking habit is of Chinese origin, 
and in that country it is said to have been in use as a beverage 
from about the 8th century A.I), and as a medicinal article even 
much earlier. In Japan, the other important country where tea 
forms a national drink from ancient times, the habit is said to 
date from the 13th century. It was not however till some three 
centuries later that it was introduced into England, where ib 
rose steadily in popularity, giving rise to a most profitable trade. 
This was mostly in the hands of English traders, though the 
supplies were all derived from China. It was not long before 
attempts were made made by the East India Company to wrest 
this monopoly from the ' celestial empire ' and to grow it within 
their possessions in India. The cultivation of tea in India owes 
its origin to these attempts which, started in the year 1834, were 
carried out with great vigour and thoroughness and resulted in 
giving a substantial lead to the cultivation of the plant on a large 
scale. 

Distribution—The tea plant, Gamdlja ^ejfecflUS considered to 
be a nativeof Assam and the ad joningparts of Upper Burma, where 
it has been found growing wild.- Many species and varieties are 
found under cultivation but the most important of these are the 
types variously called 'Assam indigenous ' or 'Manipur indigenous' 
and the Chinese tea. Hybrids of various sorts between these 
two also form a large bulk among the cultivated types. The 
plant thrives under a wide range of conditions and within a very 
wide range of latitude, such as, for instance, from Sumatra, 
Java and the Dutch East Indies in the south to Japan and 
Manchuria in the north., The main -tea-growing countries of the 
world lie however in the continent of Asia both in the mainland 
and in the islands of the Indian and Pacific oceans. India, Java, 
Ceylon, the Chinese Empire, Formosa, Japan, Jajva, Sumatra and 
the other islands of the East-Indian archipelago and Southern and 
South — Eastern Eussia constitute the main, if not the sole, coun- 
tries of tea cultivation. In India itself the tracts of tea culti- 
vation are Eastern Bengal and Assam, the Kangra valley and 
northern U. P. in the north and the Nilgiris, Anamalais, Mysore, 
Wynaad and Travancore in the south. 

Climate and Altitude. — In regard to the climate suited to tea 
cultivation, as indeed in regard to many other aspects of its 
cultivation, it is well to remember that the tea plant is cultivated 
for the sake of its tender newly formed leaves and leaf shoots, 
and that every factor of growth should be such as to encou rage 
the plant to put forth copious new growth as often in the year 
as possible, so that pickings may be frequent, numerous and 
heavy, consistent with the health and permanence of the bushes, 
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Such condioions exist where the temperature is high enough to 
permit of growth throughout the year and the annual rainfall 
sufficiently heavy and well-distributed, so that there is practically 
no rainless month in the year, such as obtain, for instance, in 
Java, Sumatra and the East Indies, Ceylon and South Travancore. 
In the tropics proper and in and about the equatorial regions 
such conditions of temperature and rainfall obtain and the tea 
crop here maintains a luxuriant and continuous growth. Any 
long spell of dry weather such as is likely in the months from 
December to April and May in South India is not favourable, and 
so is the check or cessation of growth that may occur owing to 
low temperatures in the higher latitudes. A well -distributed 
rainfall amounting to 60 or 70 inches in the year should be 
considered very favourable. In the tea districts however the 
rainfall may go up sometimes even to 200 inches in excep- 
tional cases in the year but these rains occur mostly in the 
height of the monsoons and are confined to comparatively short 
periods when the rains are torrential. The chief harm of such 
rainfall occurs in the shape of surface wash and erosion of the 
soils of the steep hill slopes on which the bushes are grown rather 
than to the tea plant itself. 

The temperature in the tea districts seldom exceeds lOO !* 1 , 
in the hot weather and in the cold weather seldom goes below 
52°E. During the heavy monsoon rains the atmosphere is 
exceedingly humid and fires in the dwelling houses are necessary, 
more however ag&insfc the damp which is all-pervading than 
against the cold. la high latitudes where tea is cultivated, 
both snow and frost may occur, but the tea bush is able to with- 
stand without injury both snow and frost of moderate severity. 
The only effect is a cessation of growth and dormancy with, 
however, no shedding of leaf or other typic.il winter appearance. 
An average temperature of about 70°F may be taken as the 
most favourable. 

In regard to altitud 1 , the tea plant is remarkably adaptive; 
the plant flourishes from almost sea-level or about 300 feet up to 
very high elevations of up to even 6,000 feet above sea-level. 
There is however a difference in quality in the tea manufactured 
from leaves grown in the different elevations, so much so, that 
'quality' is often distinguished as, ' low elevation,' 'medium eleva- 
tion ' and 'high elevation', which are in the ascending order of 
excellence. With the exception of a great part of the- tea tracts 
of Eastern Bengal and Assam the tea estates in India all lie at 
elevations ranging from 2,500 to G,000 feet, in the slopes and hill 
tops, saddles and folds of the Western Ghauts and their numer- 
ous spurs, and the tea from these will be ranked as medium and 
high elevation in quality. 

Soils.— The soils of the tea estates of South India are 
predominantly the red or chocolate coloured clay loams, some- 
times characterised as lateritic. There is also a large percentage 
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of soils which are very low in clay content and should be 
classed as ordinary loams or even sandy loams. Tea soils from 
the Anamalais, the High Bauge and Central Travancore, belong 
to the latter class and contain from 5 to 7 per cent only of clay ; 
those from Nilgiris, Wynaad and South Travancore contain from 
16 to 20 per cent of clay and should be classed as ordinary light 
loams. One of the best tea soils (in the High Range) had a 
mechanical composition as under: coarse sand 31*5, fine sand 
'17-8, silt 13'3, fine silt 14-7, clay 15' 7, per cent. The loss on 
ignition was 15-7 and the plant food constituents were, nitrogen 
0\U, phosphoric acid 0'13 and potash 0'30 per cent. (Dr. Shaw) 
The soils are generally cf an open texture and easily drained. 
In the high elevations they are , further, rich in organic matter 
derived from the debris of jungle vegetation. As against these 
soils there are other large stretches which should be classed as 
distinctly clayey. These are stiff and difficult of drainage but 
seldom lack in drainage on account of their situation on steep 
slopes. Nearly all these soils have a high iron and alumina 
content, are very poor in lime and phosphoric acid, but moderate 
ly ricli in nitrogen. The tea soils of Assam and Eastern Bengal 
are comparatively richer in their plant food content, and the 
low level flat land soils are particularly so. The soils possessing 
the most natural fertility are those of the Dutch East Indies, 
where they are of volcanic origin and derived from recent forma- 
tions. Tea soils in India have one common characteristic, mix., 
a very low lime content. They are all acidic and their pH value 
is below 6'0 and often goes down to 5*4 and 5"0. It is very seldom 
that black clays are met with on which tea is grown, a 
rather striking exception being the small black soli belt in Ceylon 
on which (as for instance at Nuwara Eliya) very good growth of 
tea can be seen. 

Drainage. — Though on account of the situation of most tea 
estates on hill slopes, the question of drainage does not arise, tea 
like most crops, has to be protected against insufficient drainage ; 
both on flat land and in extensive patches or pockets of badly 
drained soil even on hill slopes there is need for drainage, and 
suitable trenches have to be cut and the congestion of sub-soil 
water relieved. Drains form a prominent feature of many 
estates, though the main object of these is different. They 
are made more for preventing" surface wash and soil erosion than 
for the removal of excess water from the sub-soil. They are cut 
across the slopes and generally follow the contour lines, and are 
made quite 18 inches to 2 feet in depth and about the same in 
width. Any rapid flow of water even in the drains is broken by 
means of low baffle mounds or walls put up across the drains, at 
frequent intervals or by means of 'reversing drains '. These are 
drains in which the floor or bottom is made in a series of sec- 
tions which slope slightly upwards or against the flow, so that 
the water has to back up a little in each before it can run into 
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the next section and therefore loses in the process much of its 
eroding force. The wash is so great in these tracts that large 
bushes may be seen with the soil round their roots washed 
away, leaving them quite exposed to view. New gullies form 
and old ones are widened with amazing rapidity and an exten- 
sive system of drains is an absolute necessity for preventing this 
damage. As a matter of fact even in spite of such drains, consi- 
derable damage is caused which has to be repaired by revetment 
or other permanent arrangements. 

Shade. — Where plantations are being opened on jungle land 
the planting of the tea has to be preceded by the clearing of the 
jungle. Such clearing is generally of a wholesale character ; 
all trees and sh cubs are cut and also removed from the land to 
the extent possible and the ground is left bare of any tree growth. 
Tea is also grown without any shade, in very marked contrast 
with coffee. The need for shade is however slowly beginning to 
be recognized and much change is noticeable in recent years, in 
this respect. The effect of shade in keeping the atmosphere 
cool and mitigating the drying action of the scorching heat of 
the summer months during which no rains occur in mftny tea 
tracts is a decided advantage, and in South India, meets a real 
need. A judicious retention of the natural tree growth will 
therefore be an advantage. If necessary, these may later on be 
removed and be replaced by the regular planting of any selected 
species of shade of any desired description. High shade is 
apparently not required for tea, perhaps not favourable either, 
if present estate practice is. any guide. A low growing tree like 
the Erytlirina indioa or lithosperma, which is kept severely 
pollarded, is favoured where shade is considered necessary and a 
few A Ibizsia moluocana and A . stipulata trees are also planted 
and allowed to grow to provide tall shade. Other species which 
are planted are more in the nature of -nurse trees or green 
manures and to this class belong the Gliricidia maculata and 
Tephrosia Candida or Bogamedalloa which is sown thick and 
grown between the rows of tea. 

Trees are also planted to serve as wind breaks in the very 
large estates especially, and in that case form rather thick belts 
both along the margins and in the interior of the estate itself 
across the direction of the wind where they serve the double 
purpose of shade and wind break. The most favoured tree for 
this purpose is the silver oak (Grevillea robusta). 

Nurseries and Planting. — The planting of tea is either of 
germinated seeds or seedlings one year or 18 months old. The 
planting of seedlings is however the more general practice. la 
either case a nursery has to be prepared and sown, thickly in 
the first case to yield a large number of germinated seeds, and 
thinly and at regular intervals — usually i" by 4*— in the second 
case. The nursery is made in a part of the estate with conveni- 
ence for water ; it is well prepared by deep digging, removal of 
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weeds, old roots, stems, etc., and laying out into narrow beds about 
a foot high and divided by pathways. The seeds intended for 
sowing must be as fresh as possible; tea seed loses its germinat- 
ing capacity very soon under ordinary conditions and little time 
should be allowed to elapse after the seeds are gathered and 
before they are sown. Well dried and preserved in hermetically 
sealed tins, however, the seeds are known to keep for some 
months. The tea plant flowers from about the month of 
September and the seeds are ripe and ready for gathering in a 
year thereafter, so that sowing has to be done about the months of 
November and December. Moreover many tea seeds, though 
outwardly sound, are light and ill-developed and even quite 
hollow. Good heavy seeds which indicate a well developed 
kernel have to be selected for sowing. Seeds are planted two 
inches deep and the beds are kept watered regularly thereafter. 
When the seedlings show well above ground, the nursery is 
weeded and a light thatch or lattice-like cover is erected above 
it for shade. In six months the seedlings are ready for trans- 
planting but it is usual to allow them to grow in the nursery for 
one year or 18 months and then only to remove them for trans- 
planting. Pits for receiving the plants in their permanent 
places are made about a foot deep and about 9 inches in diameter 
and at distances of about 4J feet from each other. The planting 
distances are however subject to a certain amount of variation 
depending upon the variety planted, the soil, the steepness of the 
slope and other circumstances. The closest planting may be 
taken as 5 feet by 3 or even 2| feet and the widest planting as 
6 feet into 6 feet. The ' Assam ' and ' Manipur indigenous ' 
which are vigorous and large-growing varieties and the ones 
now being planted generally are put in 6 feet into (3 feet. The 
hybrid varieties and the Chinese variety are planted closer at 

4 feet into 4 feet. On poor soils and on steep slopes the planting 
is still closer and almost hedge-like, being 5 feet into 3 feet or 

5 feet into 2§- feet. The varieties to plant are of the first type 
and neither hybrids nor the pure Chinese are now planted. The 
former types are moreover carefully isolated when they are to 
serve as seed bearers, so that no mixtures can arise. The pits 
for planting are lined either in the rectangular or the triangu- 
lar system. They are filled with well-weathered jungle soil and 
the planting is made in the months of September, October, when 
the ground is moist to a considerable depth and the plants have 
the advantage of light rains for some weeks till they become 
established. Seedlings for transplanting are taken from the 
nursery with the ball of earth adhering closely and are then 
planted. The planting may also be done in the early rains 
preceding the S, . W. monsoon, i.e., in the months of April- 
May. When seedlings are to be transplanted without the ball 
of earth then their tap root is cut away where it may be 
bruised, the laterals well spread out and then planted, 
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In well-established plantations there is always a seed plot 
reserved in some part of the plantation, where the bushes are 
grown without pruning, into trees. These flower and set seed 
and the seeds required for the nurseries in the estate are derived 
from this seed plot. A nursery is always put down every year 
for the purpose of raising seedlings required for filling blanks or 
for extensions. 

Plucking and Pruning. — Under ordinary care and cultivation 
the tea bushes become well established within a month or six 
weeks after planting and in the course of the first year or 18 
months may attain a height of 2 to 2£ feet. After this stage the 
woik of pruning which is undertaken for giving the desired 
height, branching habit and shape to the bushes commences. As 
the tea plant is grown for the sake of its "tender shoots and 
young leaves and as these have to be plucked and gathered by 
hand it is necessary firstly that the bashes should have a large 
number of young branches from which the leaves can "flush" 
and that the bushes should be low enough for picking the leaves, 

At the first pruning the plant is cut low, about 9 inches or 
even 6 inches from ground level, leaving at least two side branches 
below the cut which are themselves trimmed to a length of 15 
inches to 18 inches. The growth of a number of side branches 
all springing low and growing outwards, so that the bush 
will appear as though the branches all sprang from the level of 
the ground, is encouraged. In the second year the priming is 
repeated, the whole of the bush including the main stem and all 
the branches being cut at a uniform level of 15 to 18 inches so 
that the bushes resemble large inverted cones. In the third year 
the bushes are pruned again, also at one uniform level, two or 
three inches above the previous year's cut. After this, each 
year's pruning will be at a point from one to two inches above 
that of the previous year (light pruning), until the yield begins 
to diminish, when it will be necessary to cut back to twelve to 
fifteen inches from the ground {heavy pruning). This ought not 
to be necessary till the bushes are more than ten years old, At a 
later age, if the bushes are found to give a very low yield, it may 
be necessary to go even lower than this, and even in extreme 
cases to cut the bush down level with the ground (collar prun- 
ing), but this should not be necessary till after many years, if 
the garden be properly cultivated, manured and plucked. 

The plucking of the tea leaf for manufacture is usually 
begun after the bushes are about three years old, though a 
certain amount of light picking is also carried out even before 
they attain this age. At this period the bushes are well filled 
and thickly covered with leaf right down to the base, about 2^ to 
3 feet in height and with a spread of about 3 feet. They have 
further a large number of branches springing from almost ground 
level and forming a good foundation for a large production of 
leaves. The plucking of the leaves goes on almost throughout 
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the year, there being several "flushes" as long as warm weather 
and frequent showers continue. la the first flush of leaf after 
pruning the extreme tip 'of the growing branch consisting of the 
unopened leaf hud together with one or two leaves is plucked ; 
and the two or three leaves lower down which are older are left 
standing. Following this operation eventually another branch 
springs from the axil of the leaf lower down and grows out. Two 
or even three may spring from the same axil and simultaneously 
a branch may spring from the leaf axil immediately below. All 
these constitute the second "flush". The extreme tip of this 
flush is now picked, leaving at least one fully developed leaf to 
remain on each branch. After the second flush is over, a third 
flush breaks out from the stem of the second flush and this is 
plucked in its turn in the same manner. The flushes continue 
to come on and there may be ten or even fifteen flushes in the 
year. Not all the branches flush at the same time, and the 
shoots are therefore not ready to pluck all at one time; this 
necessitates a large number of pluckings and the bushes are 
gone over thirty or more times in the year. 

Yield of Leaves. — The yield of leaves goes on increasing from 
year to year from the first year of plucking and reaches its full 
yield in about the sixth or seventh year when it may be expected 
to remain steady. This full yield may amount to three or four 
times the yield during the first year of plucking. The yield of 
tea, in terms of the manufactured product, varies a great deal 
from place to place, and may be put down from 400 lb. to 800 lb. 
per acre, when it has reached the stage of steady yield. "Very 
high yields of even half a ton per acre are reported, but so are 
low yields of only 250. lb. This dry weight is roughly one-fourth 
of the weight of the green leaf and generally varies between 20 
and 30 per cent. The life of a tea plantation is almost indefinite; 
the bushes themselves remain in good condition for 25 or 30 
years. It is, as a matter of fact, stated on good authority that a 
bush can live up to 100 years and that in Japan even 200 years 
old bushes exist. The useful life of a bush seldom exceeds 
perhaps 20 or 25 years and on every plantation a fair percentage 
of renewals by means of supplies is necessary and is invariably 
provided for. Such supply plants are put in when they are 
good robust plants three years old, and not as the six months, or 
one year old seedlings usual in a new plantation. 

Cultivation and Manuring. — The tea garden has to be given 
regular cultivation by digging and weeding. Generally this work 
is undertaken at the end of the rains, when the ground is soft to 
dig, and tho weeds at their maximum growth. Such digging also 
leaves the soil surface in a loose cloddy or powdery condition 
favourable for protecting the soil against the dry conditions of the 
subsequent hot weather. The garden has also to be 
systematically manured adequately every year. As regards 
manuring it is to be noted that the special need in a tea estate is 
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for organic matter. Unlike the coffee estate on which very 
large quantities of fallen leaves from the shade trees keep up a 
steady if not increasing supply of organic matter to the soil, the 
tea estates have almost a bare surface as shade is seldom 
provided andj even, where it is provided, it is only very thin and 
sparse. The tea bushes also suffer from a depletion of plant food 
materials from the continuous plucking of the leaves which imply, 
in addition, a reduced capacity to assimilaate and elaborate fresh 
material for growth. The organic matter required may be given 
in one or more of the following forms, viz., cattle manure, green 
manure, and composts. As cattle manure can never be 
obtained in sufficient quantities for direct application, many 
estates now adopt the practice of utilising such quantities as may 
be obtainable to mix with composting materials as the ' starter ' 
necessary for breaking down the cellulose matter of the leaves 
and branches used for composting. This is worthy of general 
adoption. Many kinds of plant growth including loppings from 
the shade trees, jungle vegetation around the estates and prunings 
from the tea bushes (except where it has to be burnt as a 
measure of disease control) can be used for such composting. 
The weed Artemesia spp. provides forests of material for this 
purpose and consists largely of soft easily decomposing tissue and 
is a favourite material on some estates for composting. Another 
popular bush which is specially raised is the Tephrosia Candida, 
which is largely grown between the rows of tea, the loppings 
from which can also be used for composting. 

The addition of green material to the soil is secured by 
growing green manure crops and cover crops and digging 
them into the soil, and by adding the loppings from shade 
trees as well. Green manures have been found to be most bene- 
ficial to tea, so much so, in fact, that it is believed to be the best 
form of manuring. The green manure crops grown are both 
quick growing leguminous crops with a creeping or low habit of 
growth which furnish a heavy tonnage of green material within 
a short period of a few months, or somewhat tall growing crops 
which occupy the ground for a longer period of even some years, 
but which furnish green loppings frequently. To the former class 
belong many of the pulses like cow peas, black gram, green gram 
Mati kalai {Phaseolus aconitifolius,) Crotalaria striata, Crotalaria 
auagyroides, Tephrosia vogelli, etc. ; all these cover the ground 
quickly and can be dug into the soil in the course of some 70' days 
or even earlier. To the second class belong the crops Tephroaiu 
Candida, Dhaincha (Sesbania aculiataand other species), and Tuver 
or togare (Cnjanus iudicus). The Tephrosia is a general favourite 
and is largely grown between the rows of tea and can be kept on 
for several years ; the Dhaincha finishes its growth in a season, 
but many species can be kept on for years ; the ' togare ' linishes 
its growth in about five months and has to be cub down 
thereafter^ 
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While the addition of these manures should be a constant 
and basal factor, tea will have to be manured with concentrated 
fertilisers also. The incessant plucking of leaves is a serious 
drain which will have to be adequately made good. A 700 lb. 
crop is estimated to remove 32 lb. of nitrogen, 6 lb, of phosphoric 
acid and 15 lb. of potash from an acre and if we remember that 
only a part of the plant food applied is actually taken up by the 
crop and also the loss of the fertiliser that should be taking place 
through surface wash and underground leaching in these regions 
of heavy rainfall, it will be realised that considerably more than 
the above quantities of plant food will have to be applied in the 
shape of manure. Furthermore it should be pointed out that 
although the striking response is to nitrogenous manuring, in 
the interests of the permanent health of every part of the plant 
and of the quality of the leaves, all the three elements of plant 
food will have to be supplied. Lime is seldom or never needed, 
and may as a matter of fact prove even harmful, as tea does well 
only on acid soils with a pH value as low as 5"0. On a good 
basis of green manuring, a fertiliser consisting of 2 cwta, of 
groundnut oil cake, 1 cwt. of ammonium sulphate, 2 cwts of 
superphosphate, and \ cwt of suphate of potash per acre may be 
suggested as a suitable manure, which can of course be varied 
in the light of experiment on particular estates. 

Grades and Quality .-—A number of grades in quality are 
recognised and all of these depend upon the type of leaf of which 
each is largely made up. It has already been stated that the green 
leaves picked consist of leaves of different ages. Beginning from 
the topmost or youngest leaf, really the unopened bud, and pro- 
ceeding downwards, each successive lower leaf is older than the 
one above it. These different leaves yield teas of different quality. 
The highest quality is yielded by the youngest leaf and the 
quality goes down successively as the leaves are older. Plucking 
is classed broadly as ' fine ', ' medium ' and ' coarse ' ; the 
plucking of the tip with one or two leaves is called ' fine '; that 
with the tip and three leaves is called 'medium' and that with 
the tip and four leaves is called ' coarse'. When high quality is 
the object, ' fine ' plucking is resorted to, and when quantity is 
the object ' medium ' and ' coarse ' pluckings are adopted. The 
' fine ' pluckings give the quality named ' Pekoes ', which is itself 
divided into ' Flowery ' and ' Orange '. The ' Flowery Pekoes ' 
come from the buds alone and the ' Orange' from the first young 
leaf. The medium and the coarse pluckings give the 
' Souchongs ' and ' Oongous '. On an average branch of the tea 
bush after the flush, the green weight (in grains) of the different 
classes of leaf has been found to be as under : flowery pekoe or 
tip £ , orange pekoe leaf, 2$, first Souchong 8, second Souchong 
8, first Congou leaf 9, second Gongou leaf 8 and stem 16. 

The pekoes and the Souchongs and Congous are further 
classified into ' brokens ', ' dust ' and ' fannings '. It must be 
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explained that these -various grades are separated out only after 
tea is manufactured, in whatever way it may have been plucked, 
whether as 'fine', 'medium' or 'coarse'. The manufactured 
tea is passed through a number of sieves of different mesh, both 
whole and after a certain amount of chopping ; the different 
classes of leaf dry and shrink differently in the process of 
manufacture and lend themselves to be separated out in this 
manner. 

Manufacture. — The manufacture of the green tea leaves 
into the tea of commerce is conducted in large tea factories but 
the processes are, iu essence, the same as have been practised from 
time immemorial ; they are however capable of better control' at 
every stage and of being carried out on a very large scale and 
with the minimum of human labour. The processes are mainly 
four in number, viz., 1, withering ; 2, rolling; 3, fermentation; and 
4, drying. Divested of working details, important though they 
may be, the following is a brief account of these processes : — 

The 'withering' merely consists in allowing the freshly 
picked leaves to dry somewhat uutil they lose part of their 
moisture, during which process they become limp and somewhat 
tough and assume a twist in shape. If the leaves are spread in a 
thin layer in a well ventilated room overnight or approximately 
for 18 hours, the 'withering' is generally complete to the degree 
required. The ' withering ' really prepares the leaf for the next 
process of rolling. If the leaves are not sufficiently withered, 
then they will be ground up into a sloppy soft mass in the rolling 
process, the moisture being too great. In the factories very 
spacious withering lofls are provided with tiers of trays on which 
gunny (hessian) cloth is stretched for carrying the leaves ; good 
ventilation is provided by means of fans and arrangements exist 
even for circulating dry air should conditions require it. Usually 
the leaf loses about \ of its moisture during the withering. In 
the withering process, an increase also tabes place in the content 
of the enzyme in the leaf, which helps to produce the special 
flavour of the tea in the subsequent jjrocesses. Eecent work, 
(W. 8. Shaw) which makes out that the special quality of tea is due 
to the substance ' caffeine theotannin, ' shows that the combi- 
nation takes place in the withering stage. 

2. The 'rolling ' consists in bruising the leaves withered in 
the above manner, by subjecting them to the grinding or pressing 
action of two hard surfaces, one moving over the other, such 
surface being provided by granite slabs. The rolling mills have 
many mechanical details, such as hoppers to introduce the leaves, 
doors to let out the rolled leaves, etc., but the most important 
one is for adjusting the pressure over the leaves during the 
' rolliDg.' The leaves are crushed and bruised, the leaf cells are 
broken and the cell contents, including the much prized oil, flow 
over and wet the outer surface of the leaves, there to undergo 
the fermentation or oxidation (or ' oxygenation,' as' it is properly 
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to be called) of the next stage more thoroughly. ,Care is taken to 
see that the temperature does not rise muoh in the leaf under 
the rollers, which may lead to fermentation prematurely. 

3. The rolled leaf is now subjected to ' fermentation '; 
this is effected by transferring it, as it comes out oft: e mill, pro- 
mptly on to a clean cement floor or tables with zinc tops, where 
it is spread in a layer about one to four inches thick and then 
covering the layer over lightly with a cotton cloth. The room 
is kept cool by sprinkling the floor with water, if necessary. The 
fermentation sets in and proceeds rapidly and is complete in six 
hours at the most, the actual completion being judged by the 
colour and smell of the leaf. The process is one really of the 
taking up of oxygen, rather than 'fermentation' proper. A 
yellowish copper colour is taken as a good indication of correct 
fermentation while a black colour indicates over-fermeutation ; 
the natter is however one for expert practical judgment. All 
the ' cup 5 qualities of tea, colour, body, pungency, strength and 
flavour depend a great deal upon the correctness of this stage. 

4. The next process is the stopping of any further fermen- 
tation, the killing of the ferment and prevention of all farther 
organic changes, and then the slow desiccation or drying out of 
the leaf. The temperature for this process is so adjusted that it 
is not so high as to drive out the essential oil and other aromatic 
ingredients in the tea. The temperature at the start or first 
stage is rather high, ranging from 230°F. to 280°F.; later on it 
is reduced to about 200°F. and towards the close of the piocess 
even lower. The tea leaf at this stage is crisp, dry and brittle 
and can be rubbed between the hands into a coarse powder. 
The moisture content of the leaf is brought down to about 6 per 
cent. 

The subsequent processes consist merely in sifting the tea 
and sorting it iuto the different grades already mentioned by 
appropriate sieves, and packing them in air-tight containers 
usually wooden chests lined with aluminium (formerly lead) sheet. 

BlaaTi Tea and Green Tea. — The above process of manufac- 
ture yields the ordinary tea, or ' black ' tea, wnich is the kind 
largely produced. Another kind manufactured, which is less 
general in use but which has a large vogue in the U. S. A., China 
and Japan, is what is called 'green' tea. Ah-h-ough the best quality 
of green tea is said to be got only from the Chinese variety of 
the tea plant, all varieties of the ' Assam indigenous ' type being 
grown in India, Ceylon and Java can be manufactured into 'green' 
tea. The method of manufacturing the 'green' tea comprises the 
rolling of the tea leaves and of the drying, i.e., only two out of 
the four processes involved in the making of 'black' tea and 
described above. The 'rolling' brings to the surface of the leaves 
the essential principles in the leaf cells by bruising them, so that 
they may the more readily get into the beverage prepared there- 
from and the drying which follows immediately prevents all 
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fermentation and chances of decay, and further brings the tea 
into the dry marketable condition. It will thus be seen that the 
fermentation is purposely and strictly avoided ; the green colour 
is thereby retained and the cell contents of the leaf preserved 
almost unchanged. In one kind of machine, as a matter of fact, 
the leaf ia first ' sterilised ' and the enzyme killed so that no 
more oxidation or fermentation can take place, and is then 
subjected to the rolling process. 

Botany and Varieties. — The tea plant — Camellia theifera — 
belongs to the natural order TernstroemiaceEe., to which the 
beautiful flowering plant 'Camellia japonioa' belongs. It is a low 
growing evergreen shrubby bush hardly more than 3 feet high 
or a large tree attaining a height of 30 to 40 feet depending upon 
the variety. The leaves are simple, alternate, elliptical or 
obovate-lanceolate in shape, acuminate, the margins serrate, the 
surface generally glabrous with the under-surfaee sometimes 
pubescent. The size of the leaves varies to a remarkable degree 
in the different types. Thus in the ' Cachar indigenous ' they 
are 12 to 14 in. long and 6 to 7 in. broad; in the type called 
'Naga' they are fi to 9 iu. long and 2 to 3£ in, broad; in the 
' Manipur ' and ' Assam indigenous ' they are 6 to 8 in. long and 
3 to 4 in. broad ; the ' Chinese J has leaves which are very small, 
is., 2 to 3 in. long and about \ in. across ; the hybrids vary a 
great deal in this as in other characters. The ' Chinese ' is a 
dwarf type while the others are tall growing types. The leaves 
in the former are dark green and leathery while in the latter 
they are light green and silky, These tall growing types are 
native to the Brahmaputra valley and two of them under the 
names ' Assam indigenous ' and ' Manipur ' are the types now 
grown throughout India, Ceylon and Java. They are indeed 
best adapted to the tropical conditions of temperature and rain- 
fall. The low-growing bushy kind or ' Chinese ' is largely culti- 
vated in the colder latitudes of China and Japan. Having been 
introduced into the tea districts of Assam in the early days of tea 
cultivation in India, the Chinese type has freely crossed with the 
local or 'Assam indigenous' and many hybrid types have arisen as 
a consequence, many of which are also largely under cultivation. 
They are all hardy and intermediate in most characters between 
the sharply differing Chinese and Assam types. The flowers of 
the tea plant are white in colour, fragrant, and about 1-| in. 
across. They are bisexual ; the petals are five in number and 
the stamens which are yellow in colour are many. The ovary 
is superior and is three celled. The capsule is woody and when 
ripe splits and sheds the seeds. The tea plant is remarkably 
long-lived, cultivated bushes are known to live for 30 years and 
more while some bushes in Japan are reported to be 200 years 
old, and being still plucked for leaves. 

Pests and Diseases . — The tea bush is subject to many insect 
pests, of which the most serious are (1) the moscjuito blight and 
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(2) the red spider, though the latter is strictly not an ' insect '. 
The mosquito blight is due to attacks by a bug, — Hohpeltis (also 
antoniis) theifera — the adults of which fly about and resemble 
mosquitoes (hence the popular name). The damage is done 
both by the young and the adult bugs. The adults bore into the 
leaves and deposit eggs, from which the young bugs emerge and 
burrow into the leaf tissue on which they feed ; the adult bugs 
also feed on the leaves by puncturing the leaf surface and suck- 
ing the sap, The bushes, especially the tender growing portions, 
become covered with these innumerable punctures due to which 
the leaves shrivel up and blacken. No really efficient remedies 
are known. Spraying with insecticides taints the leaves ; more- 
over as the pest occurs when there are heavy rains, the spray is 
easily washed off by the rain. In the early stages some relief 
may be had by catching the adult bugs (mosquitoes) by nets, 
sticky sheets or winnows or mats. A light yearly pruning of the 
bushes so as to get an early crop and a good proportion in the 
first flush, is also advised, in the view that the early crop escapes 
the blight. The period for such early pruning is from November 
to February. 

The 'red spider '—Tetranychus l)ioculatus—\s a very 
small mite, red in colour, which sucks the juice of the leaves. 
They feed in immense numbers on the leaves, which now look 
tinged with red, and soon shrivel up and die. The mites are 
found both on the young and on the old leaves, though the latter 
are more favoured. The damage is very serious during the 
period of the attack which lasts until the beginning of the 1 
rains, when it disappears. The yearly attacks of the red spider 
weaken the bushes permanently making them an easy prey to 
attacks by parasitic growths. Dusting the bushes with flowers 
of sulphur, preferably mixed with wood ashes, controls tue pest 
effectively during the years of application. The dusting is 
applied shortly after pruning and long before the appearance of 
the mites ; the bushes are wetted by water from a garden syringe 
prior to the dusting so that the dust may adhere well to the 
pruned bush. 

Many other insect pests are also common, most of which 
cause damage by sucking the sap in the' leaves and making them 
unfit for plucking, besides weakening the bushes themselves. 
These are thrips of sorts, the green fly and the pink mite. 
There is also a shot hole borer which attacks the branches. These 
are however of minor importance when compared with the first 
two pests. One of them, viz., the green fly, is even considered 
somewhat beneficial, provided the attack is only mild, because it 
sucks and removes much of the watery portion in the sap of the 
leaf and to that extent makes the. latter richer in the solid 
constituents and so better in quality ! 

Fungus and other diseases. — The tea bush is subject to a 
large number of fungus and other diseases which attack all parts 
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oE the plant, the roots, stem and the leaves. The root diseases 
go under the general name of ' stump rot ', though such rot is 
caused by several organisms. The symptoms of all are however 
very similar ; the leaves begin to wither and the bushes die 
rather suddenly. " On digging it up, it is found that the roots 
are encrusted with a mass of sand, earth and small stones, 
intermingled with bark and the mycelium of the parasite, the 
whole forming a gritty coating which is very characteristic " — 
(Butler.) In the early stages the colour is brown but later, ifc 
turns black. The commonest stump rot diseases are due to the 
fungus ' Ustulina zonata ' and the fungus ' Bosellinia Spp. t 
Id both cases the infection comes frora the dead and decaying 
stumps of old shade or jungle trees which have been cut down, 
and the stumps allowed to remain in the ground ; from this as 
centre the disease spreads outwards, the bushes are attacked one 
after the other, the leaves wither and turn brown and drop off, 
and the whole bush dies. Infection spreads only through the 
soil and the disease is not air borne. The method of control is 
almost the same for all tbe stump rots and consists in preventing 
the spreading of the infection through the soil or along the roots. 
The dead stump and a few bushes around it are to be isolated by 
means of a trench 18" deep, the soil being thrown inside the 
circle. Diseased bushes together with their roots are to be care- 
fully gathered and burnt. It is said that the application of 
chemicals like sulphate of iron, sulphate of aluminium and bazaar 
alum to the soil in the trenches acts as a check on the spread of 
the disease. The liming of the soil, sometimes recommended is 
on the other hand strongly to be discouraged, as the tea plant 
does not tolerate alkalinity of the soil round the root. 

The worst disease attacking the stems and branches and 
also the leaves is the "red rust" — Cephaleuros viycoidea, Karst — 
which is an algal parasitic growth, unlike many of the fungal 
diseases. When confined to the leaves, the disease is not of any 
moment but when it spreads and covers the branches the damage 
to the bush becomes serious. These become greatly weakened, 
growth ceases prematurely, and the leaves on them become 
chlorotic. The growth of the parasite on the branches is red in 
colour and on the leaves it appears as orange yellow circular 
patches. The disease is cumulative in effect and the death of 
the bush takes place only after continued neglect. The disease 
is spread through wind and water. Among remedial measures, 
the spraying of tbe bushes immediately after pruning, with 
Bordeaux mixture is fairly effective ; a more satisfactory measure 
of control is to increase the vitality of the bush by manuring and 
cultivation and thereby enable it to resist the disease better. 
Among the leaf diseases causing much damage are the 'grey 
blight ' and the ' thread blight.' The ' grey blight '—Pestalozzia 
guepini — is a fungal growth on the leaves which not only 
depletes the leaves of the sap but also produces brown dry patches 
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which later develop into holes on the leaves. The disease can be 
kept in check by pruning off the affected twigs and burning the 
prunings. 

The 'thread blight' — Stilbum nanum — also appears on the 
twigs and leaves as a threadlike fungal growth spreading fanwise 
on the tinderside of the affected twigs which eventually dry tip 
and die. In bad cases the whole bush may die. The blight also 
attacks and persists on many forest trees, so that these form a 
permanent source of infection. The fungus spreads from plant 
to plant in a circle from any which may have become accidentally 
infected. There are no satisfactory methods of control. 
Singeing the affected bushes, spraying with Bordeaux mixture, 
lime sulphur and other fungicides are said to have been tried 
with varying success. 

Chemical Composition and Uses. — The active principle to 
which the action of tea as a beverage is due is the alkaloid 
caffeine (also called theine), It stimulates the action of the 
heart and in that respect has medicinal value. Ordinary dry tea 
will contain from 2 to 5 per cent of this alkaloid. In fact tea 
fluff— the fine dust which rises when tea is being sifted in the 
factory and which is a waste product — is collected and sold for 
the extraction of caffeine, for which it forms- the most important 
commercial source, though at present much is beiDg made 
synthetically. This fluff usually amounts to about 2 per cent of 
the tea made in the factory. Much of the quality of the tea 
is due to the flavour and aroma peculiar to tea ; these are 
imparted to the tea by the peculiar volatile oil, The green leaf 
contains about 0*05 per cent of this oil and this is sought to be 
both increased and prevented from dissipation, in the course of 
the manufacture, It may increase slightly at the withering 
stage and may largely decrease at the drying stage, when too 
high a temperature will drive off a great portion. The most 
notable constituent of the tea leaf is tannin, or theofcannin, of 
which the green leaf will contain from 13 to 18 per cent accord- 
ing to the age of the leaf. In the manufacture of tea the 
percentage of the tannin is considerably and gradually reduced 
at each stage. The tea contains an enzyme, which acts upon 
the tannin and in the presence of air and the bruised condition 
of the rolled leaf, in which the cell sap is .all brought to the 
surface, the tannin is oxidised and reduced in quantity. The 
manufactured tea will contain only about 4 to 5 per cent of 
tannin against the 13 to 18 per cent in raw leaf. The 'green tea' 
as already explained, avoids the process of oxidation as much as 
possible and the tannin is therefore not lost to the same extent, 
When made into 'green tea' the tannin content may amount to 
10'5 per cent, which is a little less than in raw leaf and at least 
twice as much as in 'black tea'. The astringent quality of tea is 
due to the tannin and the less of it in the infusion the better is 
the tea as a beverage. Too long a soaking of the tea leaf in hot 
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water dissolves out more of the tannin, making the tea bitter and 
unwholesome. The actual constituents of the tea which give ib 
its "cup" quality are not known definitely but recent work 
(W.S. Shaw) attributes it to the production of a compound of 
caffeine and tbeotannin, in different relative proportions. For 
instance, ' in high elevation tea ' the proportion of caffeine to 
theotannin is found to be 1 : 4*5, and in 'medium elevation tea' to 
be 1 : 4'5, and in low elevation tea to be 1 : 4"8. Similar ratios 
obtain in the leaves of different ages ; thus in the bud it is 
1; 3*4, in the first leaf 1 : 3'9, and in the second leaf 1 : 4'5. 
According, to these investigations there is no reduction in 
the content of theotannin as between the green leaf and the 
manufactured black tea, as described above and as generally 
believed, but there is only a change in the ratio of combination 
with the caffeine. The cup qualities including the aroma of 
tea are demonstrated to be reproduced in infusions of pure 
caffeine theotannate, a fact which lends strong support to this 
view. 

Produotion and Trade. — The total area under tea cultivation 
in India is about 825,030 acres, distributed over the several 
provinces roughly as under :— Assam-439,801 ; Bengal-20 1,900 ; 

Bihar-4,000; Madras-76,718 ; the* Punjab-9,411? The United 

Pltfvinces-6,608V and Ooorg-400 acres. The Indian States 
account for a total of 84,759 acres, made up as follows • — Travan- 
core-77,684; Mysore-4,389 and Cochin-2,6'86 acres. The total 
production of tea is estimated at an average of 425 million lb, 
per year. 

The large bulk of the production, amounting to over 80 per 
cent of the crop, is exported. In 1937-38 the quantity exported 
amounted to 334 million lb. valued at Es. 24 crores. A 
comparatively small quantity is also imported, which amounted 
in the same year to 3| million lb. valued at Es. 18 lakhs. 



IV. ARECANUT. 

Vernacular names for AEECANUT ■.—■Kanmda—kDiKB, 

Tamil— Pakku ; Tslugu—V akKa ; Malayalam— PakkU : 

Hindustani — SUPARI. 

The arecanut also called ' betelnut ' is the product of the 
areca or betelnut palm and is perhaps the most widely used 
article of consumption in India. The chewing of the betelnut 
along with betel leaves and a little lime is a habit which is pre- 
valent among all classes of people, of all communities and 
religions, rich and poor, men and women, and young and. old. 
Not only is it an essential adjunct to every meal which is 
invariably rounded off which the chewing of this betelnut pre- 
paration but its use on other occasions is common, and is 
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comparable in this respect to the smoking of cigars, cigarettes 
or pipes in other countries. The offering of betel leaves and 
betelnuts moreover forms an all-important part of all auspicious 
occasions such as weddings, and similar celebrations, and indeed 
at all times, as a customary courtesy when visitors or guests are 
received. It is therefore available for sale in all parts of the year 
and in every part of the country including the humblest villages. 

Distribution. — The arecanut palm flourishes in the maritime 
climates of the tropics; and Ceylon, Malaya and the Dutch East 
Indies, the East Indian Archipalago, generally, and peninsular 
India have long been important centres of production. The 
cultivation cannot be said to be confined to coastal tracts but 
extends considerably inland certainly up to about 250 miles 
from the sea as on the plateau of Mysore. In India though 
peninsular India generally and the southern districts especially 
are the largest tracts of cultivation tbetree can be found growing 
up to about Lat. 24 N. 

Altitude* and Glimate. — In respect of altitude also it has a 
wide range, from sea level up to an elevation of 3,000 feet as in 
the case of Mysore. The areca palm requires an ample supply 
of moisture in the soil and requires a plentiful rainfall throughout 
the year as in the case of Ceylon and the East Indies or abundant 
irrigation during the rainless months as is the case in India. It 
flourishes in tracts of very heavy rainfall such as the Malnad 
taluks of the Mysore State where the annual rainfall may go up 
to 200 inches, as well as in the dry districts of the eastern half of 
Mysore, where the slender rainfall of even 20 inches is supple- 
mented by irrigation from tanks and substantial wells. A cool 
and somewhat moist atmosphere is generally essential, and for 
this purpose the areca nut palm is grown in the midst of large 
shady fruit trees like the mango, jack, guavas, oranges, cocoanuts, 
etc., in the case of mixed plantations or in the case of pure 
plantations along with a large admixture of plantains, which are 
kept up continuously by regular annual supplies. Mixed or pure, 
this intercrop of plantain is almost an invariable feature of areca 
gardens, where they help to cool down the atmosphere. 

The areca palm is very sensitive to drought and hence an 
assured supply of irrigation water in summer months is very 
essential. This necessity greatly limits the area where it can be 
grown. In this respect it is a great contrast with the two other 
important palms, viz., the cocoanut which will withstand consider- 
able drought and can be grown under ordinary rainfed conditions, 
and the palmyra palm which grows under waste land conditions. 

Soils, — The arecanut palm is grown on a wide variety of 
soils. In the malnad taluks of Mysore, the foothills and the 
slopes of the Western Ghats, in Southern Bombay, Malabar and 
South Canara, the predominant soils are the typical reddish clay 
soils spoken of as Iateritic, often mottled with light coloured 
clays and with considerable admixure of the small rounded 
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nodules of hydrated oxides of iron coinniou in such soils. On 
the ' maidan ' or the plain country the soils are mostly the dark 
coloured fertile clayey loams; these and the rich black clay with a 
large admixture of tank silt common in the tank irrigated tracts 
are generally favoured. Along the margins of riven? and in the 
shallow valleys, the soils are of an alluvial character generally a 
light loam often with the charcteristic alternation of light loams 
and even sand with fine clays. Black cotton soils underlaid by 
banded schists can also be seen, but those which have a high salt 
content or are even mildly alkaline or have much admixture of 
'kankar' nodules as in the esse of typical black cotton soils are 
avoided. Soils are mostly of great depth and free from rough rock 
debris ; but shallow soils only three or four feet deep and with a 
large admixture of coarse, rock particles can nevertheless be met 
with especially in parts of the Chitaldrug and Tumkur Districts, 
which depend upon well irrigation. It is however on the deep 
black fertile clay loams and clays such as are found in the tank 
irrigated areas that the trees grow with great luxuriance. 
Though the lateritic loams of the Malnads are important areas 
of areca cultivation, the good growth is made possible by the 
peculiar and laborious methods of cultivation and manuring 
which are designed to build up and conserve the soil and main- 
tain its fertility. Light and sandy soils are seldom suitable for 
the areca and in this respect also the areca is in marked contrast 
with the cocoanut palm, the palmyra palm or the date palm. 

Cultivation Methods. — 1. Malnads. — The method of culti- 
vation followed in the Malnad tracts of Mysore and the closely 
similar tracts of Canara and Eonkan is markedly different from 
the method adopted in the ' maidan ' tracts and presents many 
special and interesting features. The heavy and the torrential 
rainfall of the South- West monsoon and the broken hilly nature 
of the country with steep and narrow valleys alternating with 
jungle-clad upland hills and slopes are the special characteristics 
of this tract of country and the cultivation methods are admir- 
ably well adapted to meet these conditions. 

The situation selected for areca gardens is invariably the 
narrow widths of the valley commencing almost from the head 
of the valley and going on until where the valley widens out. At 
the head of such narrow valleys there is invariably a small irri- 
gation tank which contains the spring head* and which furnishes 
the irrigation water during the summer months. The sections 
of the valley immediately lower down which are devoted to the 
cultivation of areca run between the steep sides of the valley, 
and these afford the necessary protection from the monsoon 
winds and the force of the beating rains. Further' down the 
valley where it widens out the valley loses this protection and 
becomes, furthermore, too large to be fed by the small irrigation 
tank at the head. These stretches are therefore devoted to the 
cultivation of rice which is raised solely with the help of the 
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rainfall. The valley bottom occupied by the' areca gardens is 
very narrow, seldom more tban a hundred yards wide and about 
double this width will be considered broad. Where gardens have 
to be extended it is always by increasing it in the width by 
cutting away portions from the sides. The valley bottoms are 
generally made in one level but depending upon the slope of the 
sides, long narrow terraces are also made at more than one level 
above the valley bottom proper. 

After a suitable length of the valley bottom is selected, 
levelled and prepared, the next operation consists in the digging 
of the drainage and irrigation channels and the laying out of 
elevated ridges. Along the middle or natural drainage line the 
main drain is dug, which is from 3 to 4 feet deep and about 2 
feet wide and is led from the head of the garden, to the outlet 
at the end of the gardens. Irrigation channels are laid out 
higher up the valley side along the margins of the garden on 
both sides. The land between the irrigation channels and the 
drainage ditch is then divided acrosR into equal strips of about 14 
feet to 16 feet in width by narrow sub-drains about a foot wide 
which open into the main drain. The ground or bed between these 
sub-drains is so built up that a mound of about 2 to 3 feet high 
is formed along the middle of the bed with the sides gently 
sloping towards tbe sub-drains on either side. The earth required 
for this purpose is what is obtained by the digging of the main 
and sub-drains, and by the cutting away of the valley side, 

The next operation is the planting of plantains as a nurse 
and shade crop to the areca, supplies of which are to be kept up 
throughout the life of the garden by repeated replacements, as a 
part of the routine of cultivation every year. The plantain suckers 
are put in at the rate of one for every areca seedling and about 
midway between the pits intended for areca. The plantains are 
planted in the mouths of May and June to be followed by the 
planting of areca in the months of September. Pits for areca 
seedlings are made at distances of about 7 to 8 feet from each 
other in the row. The rows themselves are from 14 to 16 feet 
apart. The pits are made about two feet deep and 1& feet square 
and filled with a mixture of cattle manure and fresh earth. 
Areca seedlings fit for planting are usually 2$ to 3| years old. 

Number of Trees per Acre. — This method of planting gives 
approximately 400 trees per acre and this is the number which 
was made the standard in fixing the revenue assessment of this 
part of the country in the days of the old rulers and is still known 
as the ' daya ' or ' sist ' of Rivappa Naik. As a matter of fact, how- 
ever, the actual number of trees per acre in old gardens is very 
much larger, being almost three times the number, viz., 1,200. 
Some ten to twenty years after the first planting, a young 
tree is put in between two older trees in the Same row and 
after a period of the same interval of time a third one is planted 
in the same row, so that there are three age groups, the oldest 
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being almost past usefulness, the next in full bearing, and the 
youngest coming up and due to take place of the first group, 
many among which are gradually removed owing to their being 
too tall and old or owing to having been broken off by the wind. 
Gardens are therefore very much crowded and the trees are 
practically less than four feet apart. Malnad areca gardens are 
moreover generally underplanted with two important subsidiary 
crops, viz., cardamoms and pepper, in addition to the plantains 
already referred to. The pepper is put in after the areca garden 
is about twenty years old and the trees tall enough to serve as 
standards for the pepper vine planted at its base and trained on 
the stem. The cardamoms which can be put in much earlier 
are planted along the margins of the drains. These begin to 
bear after about three years and the pepper about a year later. 

The annual cultivation is elaborate in these gardens. This 
comprises digging round the base of the trees, application of 
manure, covering it up with leafy twigs and then the addition of 
fresh earth. One great object is to prevent as far as possible 
the washing off of the soil by the torrential rains and the conse- 
quent exposure of the tree roots and to replace annually by fresh 
earth such loss of soil as cannot be prevented. The jungle above 
the valley on its slopes provides the leaves and twigs required 
for this purpose. They are cut and stored or brought in as 
required. After the ground at the base of the trees is dug and 
weeded, the cattle manure is spread and then the twigs are piled 
up about three feet high covering the whole of the space 
between the drains and the ridge between the rows; the new 
earth is then put on top of this layer of twigs. This fourfold 
operation is too costly and laborious to be attended to every year 
for the whole garden and is therefore confined to one-third of the 
garden. On a second one-third section some items are omitted, 
and in the remaining third ail of them are omitted, except a 
little digging to remove the weeds. Thus, in any one year one- 
third gets the full fourfold cultivation, one-third gets only leaves 
and manure and earth or only earth and manure and another 
third gets nothing. There is a good deal of variation in the 
different gardens in the particular items omitted or included but 
the common factor is the carrying out of the cultivation in this 
three-year rotation. In the course of some ten or twelve years 
the elevated ridge between the rows disappears and the ground 
becomes almost level. At this stage comes the most expensive 
operation of interchanging the positions of the ridges and the 
sub-drains. The drains are now filled up with earth and the 
level raised to about three feet and simultaneously the old ridge 
is dug and converted into a drain, so that what was formerly 
the drain becomes the ridge and vice versa. The main drain is 
also fully repaired at this time as well as the irrigation channels, 
Though custom prescribes this transposition once in about ten 
years, in view of the cosjt involved it is carried out only at much 
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longer intervals extending oven to twenty-five years. Very large 
quantities of earth are required for this work and it is obtained 
by cutting away the valley sides, which at the same time 
become level enough for extending the garden a little, if 
desired. In the planting method described above it will be seen 
that two rows of areca trees alternate with one drain. This 
method gives place in many localities to one drain alternating 
with three or four rows or even six rows of areca trees. This is 
generally where the rainfall is not so heavy or the soil does not 
tend to be very retentive. The ridges become less pronounced 
and carry irrigation channels between row and row. As a matter 
of fact when we come to the ' maidan ' tracts with a rainfall of less 
than twenty inches, where the need for irrigation is supreme, the 
drains are omitted altogether and, if provided, are at wide inter- 
vals and serve to hold up water in the summer time and provide 
sub-soil moisture. 

Cultivation in Maidan Country. — The areca gardens in the 
maidan districts occupy open and flat country, The gardens are 
formed on land commanded by irrigation tanks and occupy the 
fields nearest to the tank bund and therefore most favourably ' 
situated in regard to irrigation water even in the hot weather. 
In these gardens irrigation wells are also dug as supplementary 
sources, as an additional precaution against drought. Elsewhere 
the gardens are raised solely under well-irrigation and in such 
situations the irrigation wells are very large and substantial 
ones. 

In many places, these ' maidan' arecanut gardens are mixed 
plantations with mango, jack, cocoanuts, plantains, etc., and the 
cultivation of areca in these gardens presents no special features. 

In the areca garden proper, (i.e., pure areca plantations) the 
cultivation is generally on the flat system and the main provision 
is for irrigation and the elaborate arrangements for drainage are 
not necessary as in the ' malnad ' gardens. In heavy soils liable to 
be water logged, drains are however made but at very wide 
intervals. The trees are planted at various distances such as ten 
feet by ten fefit or eleven by eleven or twelve by twelve feet. 
After about twenty years a tree is inter-planted so that the 
distances are halved and later on one tree is also planted in the 
centre where the diagonals of the square intersect. Plantains are 
also put in as a nurse crop, but do not form a prominent or a 
permanent feature as in the 'malnad.' In certain tracts as in 
Tarikere, Hunsur, Arkalgud and Mysore, large portions of the 
gardens are devoted to betel leaf cultivation and the areca trees 
serve as standards for the betel vines. Such gardens are 
generally leased out to betel leaf cultivating tenants who look 
after the areca in return for the privilege of growing betel leaf. 

The cultivation in tbese gardens is neither so elaborate nor 
so systematic as in the malnad gardens ; once a year or twice in 
some localities (e.g., Ohannagiri) this is carried put soon after 
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the North-East Monsoon ceases, that is about December and 
January, This is followed by the application of fresh earth and 
cattle manure to the base of the trees. The main care in these 
gardens is irrigation and maintaining sub-soil moisture. Gardens 
with betel leaf cultivation combined have the manure applied to 
the betel leaf clumps which benefits the areca trees also. In one 
curious instance the manure was being applied to the plantain 
instead of to the areca trees, in the belief that the direct applica- 
tion to the areca favoured the attack of the areca trees by 
'Anabe' disease. A second curious form of manuring is to 
dig oblique pits between one drain and another, fill them with 
leaves and twigs and cover them up, the garden being thus 
manured on a three-year rotation in strips of one-third each 
year. 

Leaf Manure in the Malnads. — In connection with manuring 
of malnad areca gardens with leaves and twigs which is peculiar 
to that tract, it must be mentioned that special facilities are 
provided for obtaining an adequate supply of leaves, by reserving 
the high slopes adjoining the garden on both sides specially for 
trees as 'soppiaa betfcas,' i.e., bills providing leaves. These trees 
besides furnishing leaves for manuring, also supply the firewood, 
fencing material, etc., required by the garden owners. The 
section of a slope of such ' soppina betta' forms part of the hold- 
ing which comprises the areca garden adjoining it, and the 
owner generally enjoys the sole right of cutting leaves, etc., in 
this section. In recent years in some villages these have been 
thrown open for common enjoyment by the garden owuers of a 
whole valley, a change which is not liked by these owners. 
Considerable restriction has also been imposed in the extent to 
which trees can be lopped, which has. led to complaints from 
garden owners that adequate supplies are no longer available 
and that gardens are becoming less productive. In order to 
mitigate this difficulty attempts have been made to introduce 
the practice of growing a green manure crop like sunnbemp, 
' Crotalaria striata ' and others under the areca trees, for being cut 
down and buried as manure. Though deserving of being taken 
up, the practice has not found favour with garden owners. 

The twigs and leaves are used in the areca gardens for two 
purposes, viz., (l)to protect the soil at the base of the trees from 
being washed off and the tree roots from being exposed by the 
torrential rains, (2) to add fertility to the soil. The loppings 
comprise considerable woody growth and, together with the 
leaves, form an efficient thatch, which decays only slowly and 
therefore serves the purpose well and lasts for one or two seasons. 
Leafy and tender stems such as may be furnished from green 
manure crops may decompose too soon to afford any such 
protection. As a source of manure the leaves besides being 
applied directly to the areca trees as part of the loppings, are 
used first as bedding under the feet of cattle for some time 
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and taken to the gardens or are stored in manure pits in 
alternate layers with cattle manure, and later on mixed and 
spread under the trees. This system of making manure is 
peculiar to the malnad and is somewhat similar to the so-called 
'box system' of making manure. The floor of tbe cattle stalls 
in this system is much below the level of the ground outside, 
and of the door way, sometimes up to even three feet; every even- 
ing several head-loads of green leaves are brought in and spread 
on the floor as bedding for the cattle; manure and leaves are left 
to accumulate under the feet of the cattle for months; generally 
throughout the rainy seasons. ■ After the rains cease, about the 
months of November and D. cember, the manure which is now a 
firmly trampled mass and has reached the level of the door- 
way is dug out and carried to the .gardens. The manure is of 
course very good in quality, but the discomfort to the cattle 
which have to lie down on wet green leaves every night and are 
tormented by a plague of flies is serious and is responsible in a 
great measure for their general poor condition and high 
mortality. . It is not however all garden owners who allow their 
manure to accumulate for such long periods; some remove the 
manure leaf bedding once every few days, others once a week or 
two, and so on, according to' their convenience; such manure is 
added to great quantities of leaves which are brought daily or 
brought when convenient and stored. The leaf supply continues 
as a matter of fact from the month of June to October. In 
addition to these leaves and twigs, grass is cut from December 
to February and brought and stored, to be used later on as 
bedding under the feet of the cattle. 

Not all trees are considered equally good for use as manure; 
some are esteemed as very suitable and others less so or not at 
all, though opinions are not always alike in this respect. The 
physical characteristics and the chemical composition of these 
leaves are worth studying for verifying these preferences. The 
following are the names of some of the trees which are lopped 
for this purpose: Xylia dolabriformis. Phyllanthus emblica 
Cariya arborea, Terminalia chebula, Dillenia pentagyna, 
Terminalia tomentosa, Terminalia paniculata and Eugenia 
jambolana. 

Manurial experiments have been conducted for several years 
in the Marthue Farm in Mysore, with a view to finding out the: 
extent to which artificial manures can be profitably used for 
arecanut trees and in order to avoid depending so largely upon the 
leaf manure and cattle rnannrewbich are becoming more and more 
difficult to obtain in sufficient quantities. As a result of these 
experiments the following recommendation is made :— 

Farm yard manure at 10 carfc-loads an acre 1 (or 400 
plants) , is to be applied and then covered with earth and leaf at 5 
cart loads an acre. Every third year 780 lbs. of a mixture made 
up of 200 lbs. of groundnut oil cake, 80 lbs. of ammonium 
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sulphate, 200 lbs. of concentrated superphosphate, and 300 lbs. of 
potassium sulphate is applied to these in addition. 

Nurseries, — Seed nuts are taken from trees between 25 and 
30 years of age and of the kind yielding the type of nuts desired. 
The bunches reserved for seed purposes on the trees are those 
that appear about the middle of the flowering season ; in trees 
with four bunches, for example, only the second and third are 
reserved for seed and the first and fourth are harvested 
in the usual course. Nuts are allowed to remain on the 
trees until they are quite ripe and change fully in colour and 
begin to drop. The bunches are cut at this stage or 
the dead ripe nuts are collected as they drop. In both cases 
these seed nuts are put out to dry for a few days and then taken 
up for germination. For this purpose the seed nuts are either 
sown in the ground in specially prepared nursery beds or are 
made to sprout inside bundles of straw or plantain leaves. 
These bundles are made up of the seed nuts mixed with some 
earth and manure and are tied up into circular bundles with 
straw, dried plantain leaves or leaves of the areca ; they are soaked 
in wafer and then taken out and kept by the side of the drain, or 
well, where they are watered everyday. The nuts begin to sprout 
in about 2| to 3 months. They are then taken out of the bundles 
and planted in nursery beds about 9'' apart. If the seeds are 
germinated in the ground then they are left until they fully 
sprout and some three or four leaves show above ground. 
Sown in the mouths of March to May, the plants attain this 
stage about October, when they are transferred to larger nursery 
beds and put in about 18" apart. The seedlings are allowed to 
remain in these beds for about three years when they are taken 
out and then planted in their permanent places in the garden. 
In certain places it is usual to plant out grown up seedlings of 
two years' growth near the margin of the drains in the garden 
and allow them to grow there for a year or two more and then 
traasplant them to their permanent places, probably in the be- 
lief that this double transplanting tends to make the plants more 
sturdy. The season for this permauent planting is usually the 
months of August and September. 

The Flowering ojfithe Areca,. — The areca trees take from ten 
to twelve years to come into bearing. The inflorescence which 
fs a "sp'afche springs from the axil of the leaf, the broad base of 
which encloses it like a sheath until the time comes for the leaf 
to drop off. The leaf of the areca consists of this sheath-like 
petiole which encloses the growing part of the stem for about 
2 to 2| feet, ending in a frond which bends away from the stem 
and gives the graceful appearance to the palm, Spathes do not 
appear from every leaf axil, but only from a certain number. 
The number of leaves dropping in a year may be from 4 to 7, 
but the inflorescences seldom exceed five, though in exceptional 
cases reach six. In a period of one to six days from the drop- 
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ping of the leaf the spathe begins to open. The flowers of the 
areca are unisexual, and both male unci female flowers are 
present in the same bunch. The male flowers open many days 
in advance of the female flower and drop away almost completely 
before the female flowers open. Cross fertilisation appears 
therefore to be the rule in the areca flowers. After fertilisation 
the ovary begins to swell and the nuts to ripen. In from ten to 
eleven months from the date of the opening of the spathe, the 
nuts are quite ripe, yellow and drop down, Some of the flower 
bunches possess no female flowers at all and yield no areca. 
' This is the case mostly with the young trees in the first few years 
of their bearing. Some of the older trees do not in some years bear 
any inflorescences at all. Owing to all these causes, the number 
of bunches bearing nuts is much less than the total number 
of inflorescences that appear. Thus in a count kept on the 
Marthur "Farm in 1931-3.2, out of a total number of 1,610 trees, 
of bearing age, 23 trees or 1"4% did not bear any inflorescence at 
all and 121 trees or 1\% shed their inflorescences and carried 
no bunches to harvest. Further among the 148 young trees 
which began to flower for the first time 62 trees or 42% had shed 
their flowers and had no bunches at harvest time. 

The areca leaves begin to drop and the spathes to 
appear from about the month of December onwards and there- 
after at varying intervals up to the month of June. These 
intervals vary from about three weeks to thirty days. The 
following may be taken as fair samples of such intervals : — 



Leaf No. 


I 


II 


III 


IV 


V 


Tree No, 1 ... 4-12-29 
Tree No. 2 ... 2-12-29 
Tree No. 3 .J 30-11-29 

1 


3-1-30 

27-12-33 

3-1-30 


26-1-30 
6-2-30 
4-2-30 


2-8.30 
8-3-30 
1-8-30 


15-6-30 
18-6-80 
26.4-30 



The bulk of the flowering takes place between December 
and April and finishes by June, but a stray leaf-drop and flower- 
ing take place in August giving rise to a very late inflorescence 
or bunch and again in November, giving rise to a vtry early 
inflorescence or bunch. 

Harvesting of the Nuts— T?ov the type of arecanuts prepared 
in Mysore, the nuts have to be gathered when they are only 
about three-quarters ripe. At this stage the nuts can be bitten 
through with some ease. A further rough test is to press the 
thumb nail into the husk aad judge the extent of hardness of 
of the fibre, which, if at the right stage, will let the nail through 
into the kernel. The nuts are also quite green in colour. The 
quality of the prepared nuts depends upon the correctness with 
which this stage has been judged and the nuts harvested. . If 
the nuts are harvested before this stage or past this stage, then 
the cured product is poor and shrunken in shape if young, or 
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bard and light- coloured, if riper. In practice some mixture of 
such nuts cannot be avoided, and every attempt is made to see 
that as large a percentage as possible of the cured nuts will be- 
long to the right class. 

As the bunches are of varying age, it is obvious that for 
obtaining the very best results they should be harvested as each 
one reaches the correct stage ; that is to say, there should be as 
many harvests as there may be bunches on a tree. This how- 
ever is too costly in labour and, though ideal and sometimes 
attempted, is not possible in ordinary practice. Another factor 
which makes it impossible to work up to this ideal is the fact 
that the early bunches reach the harvesting stage before the 
rainy season is completely over. This is generally the case in 
the Malnad tracts, where the harvest has to commence early 
in September, when the rains have not quite ceased. As the 
curing of the nuts consists of boiling them entire or in slices and 
then drying them thoroughly, and as the drying requires gene- 
rally seven consecutive days of bright sunshine, it will be seen 
bow greatly the prevalence of rains will interfere with the work. 
As a matter of fact, drying under artificial heat is resorted to, 
rather than delaying the harvest, and thereby seriously reducing 
the quality of the nuts. A third factor is the shortage of labour 
and its cost, which fix a limit to the number of times that the 
harvest can be conducted for ensuring quality. Notwithstand- 
ing the many difficulties three harvests are usually made and, if 
possible, a fourth. Harvests commence early in September and 
go on at intervals until about the end of February. 

Harvesting coolies climb the trees, test a few of the nuts for 
the correct sla^e and then cut the bunch or bunches which may 
be ready. The cut bunches are let down astride a long rope, one 
end of which is carried by the climber. The bunches are sometimes 
dropped down and caught in a gunny (hessian) sheet, which 
is thrown up very deftly to meet the falling bunch. In these 
ways the nuts are protected from breaking and damage. After 
one tree is finished, the climber, while still on this tree, pulls to- 
wards him with a long bamboo hook trees which can be reached 
in this way, tests the nuts, cuts the bunches and drops them. 
After harvesting as many trees as may be possible in this way, 
he pulls one of the trees close to him, cleverly hugs and leaps 
on to it, and, from that tree as centre, harvests further trees. 
Where trees are close enough, the climber seldom comes down 
for hours together. The climber is well provided with a crude 
but efficient appliance to help him both in climbing and in 
supporting himself, while both hands are free for work ; he also 
carries, slung from hooks on his belt, a bamboo with a crook at 
the end, the end of a long rope and a basket containing knives 
and other odds and ends. A climber will cut about 75 bunches 
in a day at the first harvest and about 200 bunches in the second • 
harvest, A day's wages will be annas twelve to Ke. 1 in cash 
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besides which he is generally fed and looked after more liberally 
than other coolies. In the case of younger trees whose bunches 
are at a much smaller height, the bunches are cut down by 
means of knives fixed to long bamboos, and caught in a gunny. 
Bunches are not allowed to drop on the groan d, if it can be at 
all helped, both because the nuts may be injured and also because 
the ground is strewn thick with the remains of the leaf manure 
and picking the nuts from under this cover means additional 
labour. 

Curing the Nuts — (a) Husking and slicing. — The succeeding 
operations from curing to sale are generally conducted by the 
garden owners themselves, a practice universal in the Ma'nad. 
In the ' maidan ' it is customary in certain tracts to sell the nuts, 
as they are harvested, and freed from the stalks, to people who 
cart away the nuts to their villages and there cure the. nuts. In 
either case the operations at the curing sheds consist of the 
following -.— Separation of the nuts from the stalk, husking the 
nuts, slicing them, boiling, draining and then drying. In places 
where over-ripe nuts can be sold dried iu the husk, these nuts 
are sorted out before or during the husking process. The husk- 
ing is done by women coolies, who use for this purpose a curved 
knife blade, which has a sharp pointed tip, and which at the base 
18 fixed to a narrow piece, of board on which the coolies sit ; some- 
times the blade is rectangular in shape and presents a straight 
edge. J?or husking and cutting ripe nuts which are hard, a 
special nut-cracker-like tool is used. For husking the nut, the 
calyx end of the nut is pressed against the sharp end of the 
blade till it reaches the base of the kernel and then pulled out 
with a slight twisting motion ; the pointed end is now thrust a 
little way from this cut and a section of the husk levered out. 
Two more thrusts like this remove the whole of the husk. The 
coolies do the work with remarkable rapidity and almost 
mechanically. Simultaneously with the husking, the kernel is 
also sliced. The Malnad nuts are usually sliced into two by 
cutting across the kernel, which gives the ' batlu (or dish) adike '. 
Elsewhere they are cut into four or six sections along the length, 
the kernel being cut into two halves first, and each half further 
cut into two or three pieces along the length. This gives 
' chooru (or piece) adike'. A special kind of the latter is where 
these are cut into further pieces also along the length) which 
gives thin longish shreds, called 'lavanga chooru ', In the Sagar 
Malnad, nuts are also prepared entire, that is, without slicing at 
all; these are called ' Idi (whole) '. Over-ripe nuts do not lend 
themselves to slicing, and they are boiled entire, except where 
they can be sold dried in the husk, in which case they are left 
unhusked and are not taken up for curing at all, 

The husking and slicing involve a great deal of labour ; the 
work has also to be got through sufficiently quickly to catch up 
with the boiling. Nufcs are also said to suffer in quality if the 
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curing is not taken up immediately the bunches are cut down. In 
addition to the paid coolies the women-folk of the owner's house 
also attend to the work and even girls lend a hand ; the work nlso 
continues long into the night so as to have a sufficient supply for 
charging the boiling vessel early in the morning. Husking 
coolies migrate in gangs to the areca villages at this time and 
return to their homes only after the close of the harvest season. 
An ordinary day's work for a woman cooly will be about 35 to 
45 lbs. of kernels, which will cost between five and six annas. 

(6) Boiling. — The next stage is the boiling of the sliced 
or entire kernels. The boiling is done in a large copper pot over an 
ordinary open fire. The first "boiling is done in plain water, but 
more generally some quantity of ' Ghogaru * is added to the first 
charge. This material is obtained by drying in the sun, the 
thick extract which remains in the boiling pot after the season's 
boiling work is all over. This inspissiiated material is preserved 
for use as aforesaid in the following season. It is also the 
practice to use for the first charge, water in which various barks 
and roots and other materials which impart a deep brown colour to 
the nuts have been boiled, aad add a little gingelly oil to 
this charge, which is said to give some shine to the cured product. 
The kernels, either sliced or whole as the custom of the tract 
may be, are charged into the pofc quite full ; as the boiling pro- 
gresses the charge goes down a little in level, and more kernels 
are added to bring up the level, and the boiling continued. The 
exact stage at which to stop the boiling is indicated by the 
loosening o£ the germ from the kernels, for which they are 
tested every now and then in the course of the boiling. 

(c) Drying. — The charge is then taken down and the 

kernels are removed by means of perforated ladles and, after the 

adhering liquid drains off, are transferred to the drying 

platform where they are spread out to dry. In the Malnad these 

platforms are fairly substantial semi-permanent structures, 

erected on areca tree posts about 12 to 15 feet high, and built of 

areca slats in the manner of joists and covered over with drying 

mats. They are strong enough for men to walk about and 

attend to the drying work, somewhat like the flat roof of a 

regular house. The carrying of the nuts up and down this 

elevated platform along ladders is arduous work and can be 

rendered much easier by the use of an ordinary pulley lift, which 

however has never been thought of. The drying mats are strong 

bamboo mats madein convenient sizes, generally 8' — 4', of which 

six are required to handle a charge yielding two maunds (50 lbs.) 

of areca. The mats with the semi- dry kernels are removed 

indoors and under proper shelter for the night, and also when- 

• ever rain is anticipated. It takes seven days of good sunshine to 

dry the boiled areca completely. Two charges are taken in a 

day, and the boiling pot is of such size that a charge yields 

about 2 to 3 rnaunds of cured areca. After every boiling, the 
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extract in the pot becomes thicker and more water is added as 
may be necessary. 

When areca has to be harvested sufficiently early in the 
season for ensuring proper quality it happens that the rains have 
not altogether ceased and that sun-drying becomes impossible. 
Arrangements are therefore made for drying the areca by arti- 
ficial beat, and this is done generally over a very crude smoke 
fire. For this purpose, a low framework is erected over four 
uprights about 4 feet above the ground level and on this the 
drying mat carrying the boiled kernels is spread; below the 
framework, one or two large logs of wood are kept burning with 
a low fire, as far as possible, without much flame, a continual 
watch is kept to see that no flame shoots up and a pot of water 
is kept ready and handy to be poured on the log whenever it 
bursts into flame and there is danger of the mat catching fire. 
This goes on night and day under constant watch in the midst 
of the cloud of smoke, notwithstanding the irritation to the eyes 
and nose caused by the acrid smoke. Partial charring of the 
mats and nuts is not uncommon and serious fiies also occa- 
sionally happen. The areca cured in this way is much darker in 
colour than sun-dried areca and also smells of smoke ; it 
generally fetches only three-fourths or two-thirds of the price paid 
for the sun-dried product. 

As a great improvement over this crude, risky and trouble- 
some method, a regular modern drier made of cast-iron with 
furnace, suitable chimney, drying trays, etc., was installed on the 
Marathur Farm, where it has been found satisfactory with 
slight modifications. A brick framework imitation of this drier 
has been recommended to garden owners, and been adopted by 
the more progressive among them. The drier referred to is the 
' Ghoola ' manufactured by the Tyneside Company, United States 
of America. 

The furnace is suited for burning wood fuel, The drier 
effects considerable saving in time, occasions less discomfort, and 
the quality of the dried product does not suffer very much. The 
results of some comparative tests axe given below ; — 



Form of 
kernels 


Name of 
drier 


Wt. of 
kernels 


Drying com- 
menced 


No. of trays . 
used 


finished 


Time 
taken 


Sliced, into 
' Batlus', 
Do 

Do 


Chooln. 

Smoke 
fire. 

Brick 
work 
adapta- 
. tion of 
'Choola'. 


90 lbs. 
90 lbs. 

90 lbs. 


4-12-1930 
12 noon. 
4-12-1930 
3-46 p.m. 

4-12-1930 
6 p. m. 


4 of 35 sg. ft. 
in all, 
1 of 85 sq. ft. 

4 of 35 eg. ft. 
in all. 


6-12-1930 

6 a.m. 

7-12-1930 

8-46 a.m. 

6-12-1930 
9 a. m. 


42 hours. . 
65 do 

39 do 
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As ordinarily made, the smoke-dried nuts become bone-dry 
and for equal weights of charge tbe yield of smoke-dried nuts 
is considerably lessthan if the same is sun-dried. Smoke-drying 
therefore entails loss both in weight and quality, as compared 
with the sun-dried nuts. 

Though the above is tho method of boiling adopted almost 
universally, some variations seen here and there may be referred 
to. One of these consists in boiling tbe sliced kernels in four or 
five charges of plain water successively, and in very special cases 
to finish up with a boiling in milk. The resulting product tastes 
exceedingly bland and free from astringency. Another variation 
is to boil selected nuts in water without husking, and then peel, 
slice and dry them after the boiling. A third method is to grind 
up the boiled kernels with various spices, put it up into little 
discs and then dry. This gives a product which hardly requires 
any mastication. Still another variation is to husk the nut, 
beat the kernel and flatten it a little and then boil it. 

The ' Ohogaru ' required for the first time, is prepared by 
pounding up the barks of the Nerale (Eugenia jambolnna), 
Baktha Honne (Pterocarpus santalinus), Manjathi root (Adenan- 
thera pavonina), Pipul stems (Ficus religiosa) and a few leaves of 
the betel vine, and boiling this in a large pot of water ; a little 
slaked lime is added to the boiling material and sometimes some 
gingelly oil and a little jaggory. The boiling is continued until 
the decoction is fairly thick, when it is strained off from the 
residue and used for boiling the arecanut in ; almost every 
household has its own recipe and a lot of acticles most of which 
yield a reddish colour to the water in which they are boiled, are 
used in the preparation. The previous year's Ghogaru if avail- 
able is also added. 

Change of Composition in Boiling. — The boiling of the 
kernel, besides other changes, results principally in reducing their 
tannic acid content. Thus the tannic acid content of samples of 
kernels, raw and after boiling was as below :— 





Sample No. 


Tannic acid present in kernels 












Raw 


1 Boiled 


1 




30"20 


12*04 


2 


■ •• f ■ ■ 


2975 


12*96 


3 


-■• *■• 


29*32 


15*12 


4 


• •• , •• 


23"37 


10*75 


5 




2r88 


8*60 


G 


... 


21"60 


' 12"90 



The process is analogous to the change, which takes place 
during the ripening of the nuts, where the tannic acid content, 
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diminishes as the ripening progresses. Thus kernels in three 
stages of ripeness contained tannic acid as under: — 

1. 'Chickni' (moderately ripe) ... 29 - 39 percent. 

2. Between 'chickni' and 'bette' (ripe}... 21'94 do 



3. 'Bette, (over-ripe) 



13'44 do 



The boiling process is therefore evidently designed to give 
a product of young or just ripe nuts, sufficiently soft and 
tender for chewing, which will at the same trine be deprived of a 
large portion of its tannic acid or partake in this respect the 
character of a ripe nut. 

The number of harvests per season is generally four and in 
exceptional cases five or even six. The guantity harvested in 
each of these harvests greatly varies, the early and late ones 
being the smallest and the intermediate ones much larger. 
Even when the harvests are spread out to five and six, a certain 
number of over-ripe nuts are unavoidable in each case together 
with varying percentages of nuts in the correct stage and other 
qualities. The percentage of cured areca at each harvest to the 
total produce of cured areca on the Marthur Farm is given 
below : — 

Percentage of Total for the Year. 



Harvest No. 


1925-26 


1926-27 


1927-28 


1928-29 


1 
2 


2d 
22'0 


18'0 


| Wi 


3'9 
71*5 


3 


65'4 


77 - 9 


48*6 


21*6 


4 


10*5 


2"9 


7*0 


2"9 



In each of these years the percentage of over-ripe (' gotu ') 
nuts to the total weight of arecanuts harvested was as below : — 



Harvest No. 


1925-26 


1926-27 


1927,28 


1928-29 


1 


18'0 


42'8 


| 14"8 


25 '6 


2 


4'6 


in 


24'6 


3 


5"3 


wo 


5"0 


7*0 


4 


8*0 


25"5 


4'0 


8'0 



Grades in Curing Nuts,- — Tha cured areca produce is far 
from uniform in quality and is a mixture of several grades. 
There is an elaborate system of grading according to which the 
bulk produce is sorted, and the price which is offered to any 
particular lot of the bulk will depend upon the proportion in it 
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of the different grades. The cared pieces which are the product 
of kernels in the correct stage of ripeness are known as 
'hasa' quality and are the first class. These are distinguished 
generally by their characteristic colour and their hardness when 
bitten, broken or pressed with the thumb nail. Those which 
overstep this ripeness and which can also be distinguished by 
their characteristic light colour and a harder ' bite ' betokening 
a coarse more woody texture are called ' bette ' and belong to the 
last class; pieces from under-ripe nuts, which are darker and 
somewhat shrunken in surface, belong to the intermediate class. 
The broad classification is to separate the produce into three 
classes, viz., the first comprising nuts harvested a little before 
the right stage of ripeness, the second those which are about 
the correct stage, and third the very ripe ones. These are known 
as ' Chikni ', 'Hasa' and 'Bette', respectively, and all can be 
readily distinguished by their characteristic appearance. Id the 
case of 'Batlu Ad ike', i.e., nuts cut across in two and cured, the 
first class may be further separated into the top and bottom 
halves. The ' bette ' class is also separated into two classes one 
of which is somewhat riper than the other. The last class called 
'gottu' is the ripest and is hard and coarse to chew. This is 
generally sold in the husk, but a fair proportion is also husked 
and boiled and comes in the last class. A similar division into 
' Hasa ' and ' Bette ' is also made in the case of the ' Idi Adike, ' 
i.e., the nuts which are boiled without slicing. Roughly, the 
prices will range in the proportion Es. 9, Es. 5 to Es. 3 and Es. 2 
per roaund of 25 lbs. for ' hasa', 'bette ' and 'gottu, ' respectively. 
Other things being equal such as, uniformity in size, colour, 
shapeliness and so on, prices depend upon the proportion of the 
'hasa' quality to the 'bette' in the lot. In Agumbe, for instance, 
three qualities are recognised, vis., the ' rasi ' containing not more 
than $ ' bette ', the ' hasa ' containing more than from £ to f? 
'bette', and the 'kade hasa' containing less than \ 'bette'. Prices 
are generally quoted for the ' rasi ' grades which thus allows a 
third of 'bette'. Within these broad divisions made on the basis 
of ripeness come considerable further grading according to colour, 
shape and size. This sorting is made in the warehouses of the 
large purchasing merchants, who suit the grading to the require- 
ments of particular markets outside the Mysore State. The 
highest class recognised are those called 'Deshavar' which comes 
from the Tirthahalli Taluk, and comprise the ' batlu adike ' of dark 
brown uniform colour of the best ' hasa ' quality and consisting 
mostly of the top halves of the sliced nuts, regular in shape and 
more on the flattish side rather than thick or rounded. The best 
among these are called ' pheton adike '. Other qualities of the 
same ' batlu' class are ' Eamachandrapur ', and ' Annavara ', both 
of which are Maload areca and fetch a somewhat lower price 
than the Deshavar. The nuts of the 'maid an' country, known 
as ' Toresalu ' come in a lower class. 
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The sliced nuts of the ' batlu ' class always fetch a higher price 
than nuts cured whole ; the former involve however considerably 
more trouble, labour and also give a smaller outturn. .Nuts have 
to be peeled and sliced the same day as they are harvested and 
the outturn of the cured product will often be about 20 to 25 per 
cent less than if they are cured whole. 

While the system of curing areca by the methods described 
above is general in Mysore, involving as it does much trouble, 
labour and cost, the simple system of using the nuts raw prevails 
over large areas outside in South India and the West Coast. For 
this purpose, nuts are harvested at a much later stage and when the 
nuts are quite ripe and somewhat leisurely, because any overripe- 
ness does not matter. The nuts are largely hushed and consumed 
raw as they are gathered. Another practice is to sun-dry and 
store them and husk them only when they are required. A third 
practice is to ret them in water ; the husk becomes loosened by 
decay to admit of easy removal. These types of nut are of course 
exceedingly coarse and taste chaffy but have the advantage of 
remaining long in the mouth, which is appreciated by people who 
like keeping a quid in their mouths generally with tobacco. 
Nuts intended for the Bombay market are dried in the husk in 
this way for about six or seven weeks in the sun and then husked ; 
the husk at this stage is easy to peel. 

In South India also, as in Coimbatore and Palghaut, areca- 
nuts are prepared in more than one special form. Among these, 
the 'chaya pakku' (dyed nuts) and the 'oma pakku' (nuts with 
'omum' or 'ajwan' mixed) deserve mention. The former, 
'chaya pakku', is prepared in the form of thin circular discs or 
wafers, which are dyed, so that they assume a deep brown or 
reddish colour, and a smooth shine almost resembling lacquer, 
For making this quality, the nuts are gathered in the same semi- 
ripe stage as in Mysore and the kernels are cut across into very 
thin circular slices, like thin discs or wafers ; these are then 
boiled in water containing the ' chogara ' already described for the 
Mysore nuts. The 'chogaru' is however mora deeply coloured, 
the dye cochineal being added, among other things, to intensify 
the colour. The slices are dried as usual in the sun; they are 
again smeared over with the ' chogaru ' to farther deepen the 
colour and are dried a second time. 

The ' oma pakku ' is also in the form of these thin wafers. 
They are made in almost the same way, i-e., cut from the seroi- 
,ripe nuts, and boiled. The boiling is however in plain water and 
much more prolonged than for other qualities. The slices are 
then removed and dried in the sun. To the water in which they 
were boiled, is added a quantity of crushed 'omuni ' or 'ajwan' 
seeds, and the boiling is continued until the liquid becomes 
thick ; the dried slices are now thoroughly mixed and smeared 
over with this liquid and dried a second time or kept in the 
form of a somewhat sticky mass. 
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Colouring. — Cured areca sometimes lacks the proper colour 
and has a light or slightly bleached appearance under various 
circumstances, such as, faulty drying, exposure to rain, delays in 
boiling, etc. It is then artificially coloured by being rubbed with 
'chogaru ', the extract from the boiled nuts and then dried. If 
the colour is very poor then the slices are washed in water and 
then dipped in a bath of the 'chogaru ' with the addition of some 
gingelly oil. Others also intensify the colour by rubbing the 
' chogaru' over the cured areca, even though the latter may have 
been boiled with the chogaru once already. 

Yield, — The yield of areca per acre varies a good deal from 
place to place as it depends upon the number of bearing trees on 
an acre and upon the performance of the individual trees and, 
in the maidan tracts, upon the rainfall, In well-kept areca 
gardens in the semi-malnad or maidan tracts on deep black soils 
of the tank silt type and with good irrigation yields up to 60 
maunds are not uncommon. From 50 to 60 maunds are 
generally expected in such gardens every year. In the malnads 
too similar yields (and even higher in certain places like 
Humchakatte, Keladi and Hosamane) are reported, which is 
quite possible, if ' koleroga ' does not prevail. The general 
average known as possible, taking good years with bad and on 
which long-term leases can be based, is taken as SO maunds per 
acre. This yield must be considered low, but as a figure appli- 
cable to a wide area and over a long period of years can be taken 
as average. From 50 to 60 maunds are high yields. Forty 
maunds is a good yield and 30 is taken as the yield in an average 
garden, (A mauud is equal to 25 lbs.) 

Leasing Gardens in the Malnad. — In the Malnad it is very 
common to lease out areca gardens for varying periods. The 
minimum period is five years but the more usual and satisfactory 
custom is to lease one for thirty years. In addition, there are 
permanent leases running to 100 years, and there are others 
continuing perpetually, which is tantamount to an alienation, 
differing only in the condition that the gardens revert to the 
owners if the male line of succession among the lessees fails. 
As the gardens are worked as permanent and almost everlasting 
assets and have continued for several hundred years, lease deeds 
specify minutely as terms and conditions, the carrying out of the 
various customary operations in the proper season, such as weeding, 
digging, maintenance of the main and sub-drains and ridges, their 
thorough transposition once in ten or twelve years, the customary 
three-fold operation of digging, application of leaves, manure and 
earth, the regular yearly planting of areca seedlings and of 
plantains and of the subsidiary crops of pepper and cardamoms, 
in addition to repairs to tanks, sluices, spring heads and fences. 

The owner's share of the produce is generally one-third of 
the yield, it being reckoned that cultivation expenses amount to 
a third, leaving another third to the tenant. Leases specify the 
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quantities at three to four maunds of areca of the bulk quality 
per 100 trees of the first or 'daya ' planting. This works up to 
12 to 16 maunds an acre, (i.e., for 400 trees) a figure which for 
an average garden yielding 30 maunds of areca is very high. In 
addition various little perquisites of garden produce are also 
payable to the owner. 

Cost of Cultivation.— The cost of cultivation in an areca 
garden in the Malnad will generally amount to Es. 170 to 
Es. 190 per acre, made up somewhat as follows : — 



Full cultivation for i acre 

Cost of weeding and green leaves 

Cost of preparing cattle manure with leaves 
and applying 

Planting supplies of plantains and areca. . . . 

Fencing repairs 

Harvesting and curing charges at Ea. 2 

per maund, for 30 maunds ... 60 

Spraying ... ... 15 

Cost of erecting drying platforms, small 

implements, baskets and so on ... 20 

Assessment ... ... 15 

As against these figures many well-to-do garden owners 
incur additional expenditure mainly in respect of digging and 
application of leaves, earlh and manure, and in repairs to the 
drains and ridges, which increases the expenditure to between 
Es. 250 to Es. 2b0 an acre. The yields are no <?oubt propor- 
tionally higher, reaching perhaps 50 maunds an acre. With an 
average yield of about 30 maunds and with prices ranging at 
about Es. 9 a maund an average garden may yield between 
Es. 70 and Es. 100 an acre of net receipts. 

Botany and Varieties, — The arecanut — Areca catechu — tree 
belongs to the natural order Palmaceae. The trees are very tall 
and slender, reaching a heigfiT3TBBHffT5|ty,X9.8«ty fe ei They 
consist of a single unbranched whitish stem, smooth, "cyliEdrical 
and annulate, marked with the scars of the old fallen leaves 
regularly throughout their height and surmounted by a crown 
of pinnate leaves. The roots spring from a bole about IS" to 2' 
in length underground, and consist of smooth and thick fibrous 
strands which are distributed within a depth of some three feet 
and within a narrow radius round the bole, seldom exceeding 
three feet. The leaves are 4 to 6 feet in length, are pinnate 
and the upper pinnae are confluent, The lower portion of the 
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petiole is expanded into a broad tough sheathlike growth which 
envelops the growing end of the tree to a length of some two to 
two and a half feet, and encloses the young unopened spathe. 
The inflorescence is a spadix encased in the spathes which are 
solitary and compressed. The spadix comprises a many-branched 
rachis, on which both male and female flowers are borne. The 
male flowers are numerous and situated mostly at the farther 
end of the rachis; they are inconspicuous and small with three 
sepals and six stamens. The female flowers are much larger, 
the perianth is accrescent, sepals and petals orbicular, the ovary 
one-celled, and the stigmas three in number and sessile. The 
fruit is generally ovoid, about 1J to 2 inches across and 2 to 2| 
inches long, and is coloured brightly orange when ripe. The 
seed is hard and round with ruminated albumen. 

Notable differences in the characteristics of areca are seen 
only in the size and shape of the arecanut, which correspond to 
similar differences in the size and shape of the kernels. Differences 
can be noticed in the bunches which may be either compact, 
many-branched and well-filled or loose and long with a somewhat 
open build. Differences are noticed in the taste of the cured 
kernels, some being very astringent and almost bitter while at 
the other extreme are nuts which are so bland and free from 
astringency as to be popularly styled ' sweet arecanut ' ; between 
these are others of varying degrees of astringency. Nuts also 
seem to differ in their degree of hardness, as some are 
said to melt in the mouth while others require considerable 
mastication. Again, while in most cases the change in the colour 
of the skin from green to orange is a sure sign of considerable 
ripeness, there are a few in which there is no such change in the 
colour until the nuts are quite ripe and in which the green colour 
is somewhat deceptive as an indication of ripeness. There are 
also areca trees which are distinguished as early or late in flowering, 
although it is believed tbat such earliness or lateness can be 
secured by selecting seed nuts from the early appearing bunches 
or the late appearing bunches, as desired, from the same tree. 
Nuts are said to differ in the way they cure, some being light and 
tending to have hollow spaces and others being compact and heavy. 
There are again trees which are heavy yielding types with a very 
large number of nuts per bunch and those which are much less so. 
Obvious and striking differences in trees are to be seen however 
in the size and shape of the nuts ; some kinds are large and 
almost rounded and yield kernels over 1| inches across, which 
are so flattish and disc-like that some sixteen of them can be 
arranged one on top of the other without the column toppling 
down. Others are equally broad at the base but are more 
conical. Among the rounded nuts again there are variations in 
size. All these types are of practical importance, because by 
long custom the various markets have distinct preferences to one 
or other of these kinds, and have to be supplied accordingly, 





(fi) Shapee and sizes (actual) of arecanuts. Entire arecanuts cut along their length' and the imnm- 
sions of tlio cut face taken, to show the actual size and shape of the uuhusked arccannt 
and the kernel inside, 

1, 2, f>. called ' Small ' but the kernels are of medium size. 
3, d, 5. are called 'Large' the kernels give large flat ' liutltm' or halves. 

(6) I, 2, 3. large nuts from Cochin Htato. Though the uiiliusketl nuts are large, the kernels 
are only of medium sisse. 
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Apart from very special kinds, it may be said that those kiDds 
which yield on curing a shapely top-half section moderately 
thick and slightly dished in the centre are considered best and 
this quality is yielded by the nuts which tend to be longish 
rather than rounded. It may be said that gardens which 
have only any one type, either solely or preponderatingly, 
are seldom come across ; generally more than one type can 
be seen. 

Soils and rainfall conditions are believed to bring about 
changes in the quality of the nuts which is probably true in 
respect of the taste of the cured nuts. In respect of the shape 
of the nuts, the characters are probably varietal. 

Two special types may be mentioned which may be classed 
as distinct varieties, viz., sweet areca, which has been provi- 
sionally named Areca catechu var delicosa, and, Earn Adike. 
The sweet areca is singularly free from astringency and the 
nuts are moderate in size, somewhat rounded and the bunches 
are small The Kam adike tree itself is characteristic ; it is 
distinguished' by a much larger stem, and the nuts are much 
larger and brilliant yellow in colour ; the tree fruits moreover 
throughout the year. 

On the Marthur Farm areca trees have been raised from 
seed nuts classed as big nuts, medium nuts and small nuts, and 
these have been yielding nuts which retain these size characters. 
The following table shows the size of the bunches and the size 
of the nuts of these classes together with some other kinds 
growing on the farm : — 





Number ol 


Weight of 
100 nuts 


Longest 


Widest 


Name 


nuts in 


leugtb 


width 




bunch 


of nut 


of nut 






lbs. 


Inches 


Inches. 


Big nuts 


294 


4*9 


144 


1'35 


Mediuxji nuts 


347 


4*3 


1"5 


ri4 


Small nuts 


501 


3*2 


1"38 


ii 


Long nuts 


314 


41 


1*55 


0*96 


Sweet nuts 


214 


3'5 


111 


1-24 


Long and small ... 


489 


3"2 


113 


1*09 


Bam adike 


... 


... 


2*07 


1'38 



Diseases of Areoanut.- 
of the areca the most 



-(a) Kohroga. — Among the diseases 
ut uu.v oi C i,o „ u >= m^u serious is Koleroga. The disease attacks 
the ripening nuts in the bunches and brings about a shedding of 
the young nuts to an alarming extent. The disease is a conco- 
mitant of the heavy rains of the malnad ; the maidan tracts are 
therefore free from it. The disease has been identified as the 
fungus disease — Phytophthora arecae— which finds a. very 
favourable medium on the wet surface pi the nuts durin the 
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rains, on which the spores germinate and the mycelium develops. 
The tisaues begin to rot and, as the attachment of nut to the 
stalk weakens, shedding commences. Beginning with the heavy 
rains of July, the disease progresses continuously or with 
occasional breaks till the end of the rains in October. A warm 
damp interval always favours its spread, Young nuts which 
drop are of course useless and mean a total loss but even ripe 
nuts which drop on account of the disease are too damaged to 
be made use of. If no preventive treatment is adopted the 
disease attacks the crowns of the trees bri aging about drying 
and death of the tree in the course of two or three seasons. The 
disease is carried from year to year in the remains of the diseased 
material, such as the dry bare bunches, dead leaves and the 
refuse in the gardens. 

Two kinds of preventive methods are adopted ; one of 
them which is purely a local device consists in protecting the 
bunches from the action of the monsoon rains by means of a 
hood or cover. This is adopted by many garden owners and 
affords a certain measure of protection, if carried out in good 
time. The hoods are made of the expanded leaf petiole of the 
areca trees, which serves this purpose very well. Each bunch 
requires two such petioles which are suitably skewered together 
to form a protective cover and provided with an arrangement 
for tying it to the base of the bunch so as to effectively cover it. 
Every tree top has to be reached and every bunch has to be tied 
up in its hood. The work is laborious and expensive and the 
cost is usually reckoned at Es. 1-2 for making and tying 1,000 
' kottes ' as the hoods are called, or about Es. 25 for an acre on 
the average. This local method affords only very partial relief. 
A more efficient method now being adopted almost invariably 
is to spray the bunches with the well-known fungicide Bordeaux 
mixture to which is added a small quantity of casein dissolved in 
lime water as an adhesive and a spreader. The strength of the 
Bordeaux mixture is 5 lbs. of copper sulphate, 5 lbs. of lime and 
24 gallons of water, to which is added one gallon of the adhesive 
mixture. The casein-lime mixture is made by soaking I lb. 
of casein in J gallon of water and mixing it with |- lb of lime 
slaked in |- gallon of water. Although spraying is done only once 
in the season usually, it has to be repeated when the disease 
breaks out a second time and nuts begin to shed badly. 

The spraying is done by means of pressure sprayers of one 
or two gallon capacity, fitted with a flexible hose and a nozzle 
capable of sending a powerful spray mist. The climber 
carries the spray pump strapped to his back and directs the 
nozzle to play on the bunches ; he then draws adjacent tree tops 
towards himself and sprays the bunches on theoi. He then 
transfers himself to an adjacent tree, as he does when he harvests 
the bunches, aod sprays the bunches on the trees further on. 
The sprayer is let down every now and then, filled and pumped 
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and then pulled up again. For spraying 400 beating trees, the 
chemicals required will be approximately 6 lb3. each oE copper 
sulphate and lime and % lb. of casein. The cost of spraying 
an acre of 400 bearing trees will amount to between Rs. 2-8-0 
and Ks. 3-8-0. The effectiveness of the method will depend 
upon how thoroughly the bunches have been sprayed, so that the 
spray solution covers both nuts, stalks and all parts of the bunch 
and the surrounding portions. To minimise the chance of out- 
break in sprayed gardens in subsequent years, old dry remains 
of bunches should be thoroughly removed and burnt and the 
ground likewise cleaned of fallen nuts and other refuse. Various 
bushes and trees, notably Sandal and Colocassias.have been found 
to be affected by the same fungus and believed to be instrumen- 
tal in carrying the fungus over from season to season and for 
this reason their removal from or about the gardens is sug- 
gested. 

(b) Anabe. — In the ruaidan districts areca is subject to a 
disease, Ganoderma lucidum — locally called 'anabe' disease — 
which affects the interior of the stems and is outwardly dis- 
tinguished by minute holes on the stem from which some gummy 
bleeding takes place ; a brown rot and a drying up and brittle- 
ness of the tissues round about follow, and later on characteristic 
tough leathery disc-like outgrowths or fructifications called 
' anabe ' begin to appear. The trees eventually dry up and die 
and in badly affected gardens the bare patches and stumps of 
cut down trees become very conspicuous. The loss is very 
serious, for the reason that well-grown trees in full bearing, that 
is, the result of some 20 years or more of costly labour, are killed 
out. Ordinary methods of treatment comprise (1) cutting out 
portions round the parts where the little holes are noticed and 
singeing and tarring the surface, (2) drilliug an augur hole across 
the stem near the base or about the region of the bleeding and 
letting out considerable fluid, in the belief that the disease is due 
to an excess of sap. Neither of these is effective, though they 
seem to act as a palliative and delay to some extent the death of 
the tree. The second method also weakens the tree and 
makes it more prone to be blown down in the event of high 
wind. 

It is noteworthy that in most gardens where the disease 
appears considerable lime is present in the soils, generally in the 
shape of little nodules as in black cotton soils, by which name 
they should be really described. This bas a bearing on the 
remedy which is now found effective and which therefore is recom- 
mended. This method is to dig the soil around the base of the 
tree, apply flowers of sulphur at the rate of £ lb. per tree, and 
then throw the soil back. Destruction by burning of infected 
material, and of the fruiting bodies of the fungus and the isolation 
of infected trees in early stages are additional measures to be 
adopted. 

30 
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(c) " Ilidimimdige" Disease. — A disease of some impor- 
tance which prevails both in the malnad and in theraaidan tracts 
is known as ' hidimundige.' Trees affected by this disease show a 
thin and much constricted and tapering crown, with the fronds 
shorter and the leaflets set closer with a bushy appearance. 
Both young and tall grown-up trpes are affected. It has not 
been sufficiently investigated but bad drainage and lack of suffi- 
cient manure may be some of the causes. A certain amount of 
mitigation has been obtained in gardens where drainage was 
improved and a good dose of nitrogenous manure applied. 

{d) Other Bistases and Pests, — The splitting of the husk at 
the tip end of nuts, malformations into longish thin nuts of the 
size of a pencil, brown spots on the leaves, troubles due to ants 
and so on are come across but none of these is of any importance. 
Chemical Composition and Uses. — The arecanut (kernel) is 
credited with many valuable medicinal properties. lb contains a 
number of different alkaloids together with about 15 per cent of 
tan.nia, acid and 14 per cent of fat or oil. The most important 
alkaloid and the one to which its valuable verrnicidal properties 
are due is arecoline, a colourless oily liquid. Other alkaloids are 
arecaidine, guvacine and arecolodine. 

Tbe main use to which arecanut is put in India is as a 
masticatory, chewed along with betel leaf and lime. It causes 
the saliva to turn red and gives a red colour to the lips, teeth and 
the inside of the month, The arecanut and the lime are the 
ingredients concerned in the change of colour. The arecanut 
is credited with a number of medicinal properties. As a masti- 
catory used in the ab.ive manner it has the property of strength" 

ening the gums, sweetening the breath and giving tone to the 
digestive organs. It. has the property of killing intestinal worms, 
and is generally administered to dogs; even in" human beings 'it 
is said to cause the expulsion of tape-worms, Catechu of good 
quality is yielded by nuts which have already been boiled once. 
The nut when reduced to charcoal and powdered fine is an 
excellent dentifrice. 

In addition to the main product of the arecanut palm, via,, 
the arecanut of commerce, most parts of the areca palm also find 
important use in the tract where the palms ars grown. The 
stem of the palm furnishes posts and pillars and joists in house- 
building; split into slats they can be used as reapers; divided 
lengthwise into half cylinders and the inside scooped out, they 
are used as water flumes or when hollowed out without 
splitting, as water pipes. The petioles or the large expanded 
sheaths enveloping the bass of the crown are used as eating 
plates; they also form the commonest and very efficient 
packing material for various articles for which their toughness 
and pliability make them very suitable; one of their main uses is 
for the making of hoods or 'kottes' to cover areca bunches as a 
protection against ' koleroga' as described already. Besides, they 
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serve many odd purposes such as sun hats, fans and receptacles 
of sorts, etc. The spathe likewise can be used for skull caps and 
for wrapping, as it is as good as tough packing paper. The leaves 
are used for thatch and fuel and the midribs for brooms, skewer- 
ing, etc., like the midribs of the cocoa-nut palm. An important 
by-product is the liquid 'chogaru' or the extract in which the 
nuts have been boiled. This is rich in tannic acid and is a source 
of catechu. When prices are good, the material is sent to 
Bombay in considerable quantities. Another product in the 
areca garden which at present is practically a waste material is 
the areca husk. The husks accumulate in very large quantities 
but at present they are only thrown on the manure heap. The 
question of finding some industrial use for this material is often 
raised but so far none has been found which could afford some 
remunerative outlet for the. product. The husks are composed 
partly of highly lignified and hard fibres and partly of soft tow- 
like fibres which are too lacking in tensile strength for spinning 
in the manner of jute. The fibres moreover are not more than 2 
to 3 inches in length. Gleaned out of the coarse lignified fibres, 
the soft portion is recommended for use as tow for packing pur- 
poses. Whether it can be suitably mixed with other fibres and 
spun with advantage is worthy of consideration. Its use as a 
raw material for coarse paper or even card-boards also deserves 
investigation. At present, its use is only as manure, but it is so 
coarse that decomposition is very slow and even after a year the 
highly lignified fibres do not rot. Its physical condition and its 
extreme slowness to decay make it suitable as a mulching 
material where this may be desired. It is used to cover the 
earthen floors in the open yards inside houses during the rains 
for preventing the growth of grass or other weeds in these places, 
which it does very effectively. 

Area under Cultioation. — The area under arecanut cultiva- 
tion in Mysore is about 35,000 acres, in Madras about 108,570 
acres, and in Bombay about 17,000 acres. 

Trade, — The total arecanut production in India is 
too small to meet the needs of the country in full. The local 
production is largely supplemented by imports from abroad, the 
whole of which come practically from the Straits Settlements. 
The imports range between 12 and 15 lacs of cwt., per year and 
in the year 1937-38, the import into India (excluding Burma) 
amounted to 1,478,265 cwts. valued at Bs. 1,42,84,056. Nearly 
90 per cent of the imports come from the Straits Settlements and 
the remainder mostly from Ceylon, Java and Sumatra. Of the 
total imports, the different provinces account for the follow- 
ing :— . 

Bengal ... ... About 60 per cent. 

Bombay ... •■• n 20 „ 

Madras ,., ... » 19 » 

30* 
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There is a small quantity of arecanuts exported from India, 
which in 1937-38 amounted to 14,473 ewts., nearly the whole of 
which went to Burma and small quantities to Aden, East Africa 
and South Africa. 

The Mysore trade in arecanuts is mainly one of exports though 
the imports are also considerable and amount roughly to a third 
of the exports. The arecanut produced in Mysore is generally of a 
superior quality and is said to be about 25 to 30 per cent higher 
in price than the imported qualities. Madras City, the districts 
of North Arcot, Bellary and Kurnool are important tracts to 
which Mysore nuts are exported, while the imports come mainly 
from Palghaut. The quantity exported in the year 1935-36 was 
114,300 cwt., and the imports during the same year were 41,500 
cwt. 



V. THE BETEL VINE. 

Vehnactjlae names fob BETEL "VINE : ifaMnacfo-ViLiDELE, 

Tamj'Z-VETTlLAi, TeZwffw-TAMALAPAKULU, Malayalam- 

Vettila, Hindtistani-PAS. 

The betel leaf plant is a creeper which is cultivated 
for the sake of its leaves which are chewed along with areca 
nut and lime universally throughout India, as a masticatory 
credited with many properties, such as a digestive, a sweet- 
ener of the breath and as a material wherewith to colour 
the lips red, in the manner of a modern lipstick. Along 
with the arecanut it is a symbol of auspiciousness and is handed 
round and is partaken of at all ceremonial gatherings of an 
auspicious character and indeed whenever friends and visitors 
call. Like the arecanut too it is sold in every bazaar and a 
village must be insignificant indeed where the betel leaf cannot 
be had. 

Theculthation of the crop isof the very intensive garden type 
requiring continuous attention and care; it. is also of a specialised 
character and is generally in the hands of a particular caste or a 
class of people, who possess a traditional knowledge of all the 
details of its cultivation. On account of the great amount of 
manual labour, time and cost involved, betel gardens are small in 
area, of a quarter of an acre or even a few cents, or where they 
are larger in area, they are attended to by a number of families 
each of which forms only a few cents. Betel leaf gardens are 
established and worked as permanent gardens lasting over even 
fifty years, but often about thirty years, as semi-permanent 
gardens lasting for considerably smaller periods of about ten to 
twelve years, or as comparatively temporary gardens lasting for 
periods of three or four years, according to the custom of the 
different tracts. The period will also' depend upon the nature of 
the cultivation, soils, hardness of the vines against aging, disease 



ttAECOTiOS — iETEL ViNB 469 

and other adverse factors, besides economic considerations. The 
gardens are either solely devoted to betel leaves often with 
subordinate crops of different kinds of vegetables raised without 
detriment to the main crop which is the betel leaf, or form part 
of arecanut gardens where the arecanut trees serve as the stand- 
ards for the vines to be trained on, or again in mixed gardens of 
areca, cocoanuts, plantains and other fruit trees. 

Bainf all, Altitude and Soils. — The betel vine belongs to the 
order Piperaceae and is closely allied to black pepper — , 
' piper nigrum ' to ' piper longurn ,' the other peppqr-like 
creeper which is cultivated for its fruits which have great 
medicinal value and to ' piper cubebs ' or ' tailed pepper ' which 
is used medicinally and as a spice. Unlike black pepper which 
requires a tract of very heavy rainfall, the betel vine can flourish 
under a wide range of rainfall from over 90 inches down to as 
low as 10 or 12 inches. It is also cultivated throughout India 
and from sea-level up to elevations of 3,000 feet. 

The soils generally favoured for betel leaves are of the heavy 
clayey types almost like the black cotton soil with good depth 
and free from coarse gravel or gritty particles and with much 
natural fertility. Bed loams both light and heavy, of good depth 
may be said to come next. Light ashy coloured loams are also 
utilised with suitable manuring and addition of tank silt. Even 
on the sandy soils of the coast, as may be seen on the island of 
Bameswararn, for example, which one would regard as quite 
unsuitable, betel leaf gardens are established chieflly with the 
aid of very liberal manuring given to the pits in which the plants 
are grown and of the heavy irrigation through masonry water 
channels which carry water to the pits without becoming lost in 
the sand on the way. Likewise too where the physical condi- 
tion is too coarse even to the extent of being stony, the cultivation 
is carried on by digging large pits, filling them with suitable 
soil, and growing the plants in such pits, 

Irrigation. — An unfailing supply of abundant irrigation 
water which will be available throughout the year is indispens- 
able for betel leaf cultivation. It is therefore attempted only 
where such facilities exist. Gardens are established on land 
commanded .by large tanks, and are further protected by wells as 
a supplemental source of irrigation. Very often the situations 
are such that water is obtainable within ten feet of the surface 
and temporary wells can be easily dug either as independent or 
supplementary sources of irrigation. In many places large and 
costly wells form the sole or principal source of supply especially 
where the gardens are kept on permanently for two or three 
generations. 

Shade. — The betel leaf plant has to be grown in a cool 
moist atmosphere and with an abundance of irrigation. It has 
to be protected effectively from the sun by a cool shade. It has 
also to be protected securely both against the beating force of the 
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-wind and against the dust and dirt that it generally carries. 
Drainage is essential and provision is made therefor by an 
elaborate lay out of the ground avoiding stagnation or too much 
water within the root range. 

The shade is provided by trees which are raised in the garden 
as standards for the vines to climb on, by the areca trees with 
which they are grown in association and which also generally in 
such cases form the standards and by the plantain tree? which 
are grown here ami there in the garden. The standards are 
sometimes made to close in over the head and are tied together 
to form a kind of arbour under which the vines are well protected. 
In Northern India the gardens are practically covered over 
with a thatch of grass and stalks of jute, ' daincha \ tall grasses, 
etc., giving them the appearance of thatched huts. The sides of 
the gardens are everywhere, securely protected by means of tall 
close fencing trees, thick enough to form an effective screen, 
' Euphorbia tirucalli ' is a favourite fencing plant in Mysore, the 
lower portion near the ground level being closed in by thorns, as 
the 'kalli ' hedge tends to become somewhat open near the base 
Elsewhere the tall ' Saccharum arundinaceurn,' ' Arundo donax,' 
' Sesbania grandiflora ' and bamboo poles are used for this pur- 
pose, gaps being closed by means of the dry leaves of plantains. 
In Northern India, the fencing is of the same materials as are 
used for the thatch. 

Drainage. — As regards drainage, where betel leaves are 
cultivated as part of arecanut cultivation, the drainage ditches 
are made between every two, three or four rows of the arecanut 
trees depending upon the stiffness of the soil. In some areas 
the drainage is still more thorough and the lengthwise ditches are 
crossed by a number of cross drains also. Another way in which 
drainage is secured is to grow the betel leaves on high elevated 
beds which are sometimes as high as four feet. These beds 
alternate with strips of level ground in which run narrow 
trenches ; water is kept flowing in these trenches with little 
depressions here and there from which water is taken in pots for 
watering the beds. In still other methods the betel leaf beds are 
narrow ridges like earthed up rows, and alternate with narrow 
channels about a foot deep, which carry water for sub-soil irriga- 
tion principally but from which if necessary water is splashed on 
to the rows. Elsewhere the lay Out is more elaborate ; there are 
main drains, which separate a series of betel leaf beds and these 
beds themselves alternate with cross drains opening out into the 
main drains. All these different methods are further referred to 
in the different types of betel gardens described in the succeeding 
paragraphs. 

Standards for the Vines. — As the betel leaf is grown trained 
on upright standards for support, the provision of these standards 
is an indispensable requisite. Id South India the betel leaf vine 
is grown invariably on live standards, i.e., on the stems of growing 
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trees and not upon posts or pillars or other uprights of that 
kind. In areca gardens which are betel gardens as well, the 
arecanut trees themselves are the standards and betel leaf culti- 
vation is started in thern only after they attain sufficient height 
.or the purpose, which is not earlier than 15 years. In pure betel 
leaf gardens the standards have to be sown and raised specially 
for this purpose. There are only a few trees which appear to be 
considered suitable, if we may judge by the general practice. 
Thes'3 are Sesbania grandiilora, Erythrina Indica, Moringa 
pterygosperma and TCriodednron anfructuosum. These have the 
merit of growing quickly, especially the first two. They can be 
sown almost at the same time as the cuttings of the betel leaf 
vine are planted, but it is usual to give them a start of one to 
three months. During the few months they take to grow tall 
enough to serve as standard, little sticks are put in close to the 
vines for support as a temporary measure to be removed when 
the permanent ones become ready. These tree standards are 
kept free from side branches up to a height of aboat 12 feet, for 
the sake of the vinus and are also topped about the same height, 
so that the shade may be low enough. When standards become 
old, broken or too thick-stemmed, they are replaced by new ones, 
and the gardens kept on indefinitely. In Upper India, the 
standards are furnished not by live stems, but by dry branches 
and stalks of the 'daincha' (Sesbania aculeata) plant. 

Manuring.' — Manures for the betel vines are only ordinary 
cattle manure and sheep manure. Tank silt is also occasionally 
applied, as likewise red earth, sand and such soil ameliorants. 
In the first 18 months after the vines are planted, manuring is 
given frequently, about a handful every time the beds are hoed and 
weeded. Later on manuring is given immediately after the 
lowering of the vine, on a liberal scale. In certain districts sheep 
manure at the rate of two baskets per pit or bed of four vines is 
given twice a year. This quantity will roughly amount to a 
heap of two and half cubic feet in size. Manures like oil cakes 
or chemical fertilisers are very exceptional, although in the places 
where these have been used experimentally, they have proved very 
beneficial, not only in stimulating growth but in keeping down 
mildew. It is feared however that the leaves may become coarse 
and lose the special characters for which they may be esteemed ; 
garden owners are therefore chary of changing over to new 
manures and there is little or no experimental work affording any 
guidance. 

One of the important operations in the betel leaf gardens 
consists in taking down the vine from the standard and burying 
the lower portion in the soil and allowing only the upper portion 
to grow. The portion thus buried in the soil is generally the 
vine of two years' growth and the portion left to grow is of the 
previous season's growth or about one year old. By this process 
the vine is more or less continuously rejuvenated and the process 
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is tantamount to raising a new vine. It is universally practised in 
the Mysore State where the gardens are kept on for years and is 
certainly the main factor which helps such longevity in the 
vines. Among other advantages, is the bringing down of the 
vine to a manageable height for the picking of the leaves, which 
is sometimes secure! by topping the vines. For this process of 
lowering the vine, it is first carefully untied from the standards, 
the claw-like roots which cling to the standards are also gently 
freed and the whole vine brought down. The lower portion 
intended to be buried is made into a coil, tied up and put in a 
shallow pit at the base of the vine and covered over with earth. 
Sometimes a long narrow trench is dug from the base of the 
lowered vine to the base of the vine diagonally opposite and the 
portion to be buried is tied up in a lbngish bundle and laid in 
the trench and covered. The portion of the vine left over is 
now tied to the same standard from which it was lowered or to 
the opposite one. At the third annual lowering, the connection 
with the vine buried two years previously is severed and the 
buried portion merely decays like any other vegetable matter. 
Tue growing vine thus maintains connection with the growth 
of the preceding two years always. This lowering is carried out 
usually in the first half of the year from January to June and the 
operation is followed by manuring and irrigation. There is 
also a respite in picking of about two months following the 
lowering. 

The planting material consists of cuttings taken from 
healthy vines which are obtained by cutting off the length of the 
vine of the previous year's growth, and dividing this length into 
12 or 18 inches sections. Each such cutting sh6uld contain 
from three to five nodes. The cuttings are taken most conve- 
niently about the time that the vine is to be lowered. The 
planting takes place any month from June to October. The 
cuttings are planted in such a manner that two nodes are buried 
in the soil, and one or more nodes are above ground and pointing 
towards the standards on to which they will eventually be 
trained. Variations in the methods are noted in the descriptions 
of the different types of gardens. In some villages it is the 
practice to raise a nursery of rooted'cufctings, and then transplant 
them in their permanent places. For this purpose, cuttings are 
planted closely about four inches apart in a well prepared and 
shaded nursery and some thin branches or twigs are put in here 
and there in the nursery bed for the purpose of supporting the 
young vines when they begin to shoot. G-ood rooted cuttings 
from three to six months old are taken out and used for planting 
a new garden or for supplying blanks. 

Cultivation Methods.— 1. The ground having been pre- 
pared by digging, breaking of clods, removal of weeds, roots, etc., 
and by levelling, and a good fence also raised, the area is laid out 
into long beds about six feet wide "divided by trenches of about 
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18 inches wide and 18 inches deep. The beds are made to any 
convenient length up to some forty feet. 

In these beds the seeds of the plants intended as standards 
for the betel vine are sown in two long rows. The standards 
for the betel are Sesbania grandiflora and Erythrina Indica and 
Moringa pterygosperma. The trenches are filled with water 
which is also splashed on to the beds to water the row of 
standards regularly. In about four months or so when the 
standards are grown to about two feet, the betel vine cuttings 
each about 18 inches long are planted along the two rows and 
at a distance 18 inches from each other. The trenches are 
constantly kept filled with water, for the beds are watered by 
splashing the water on to them from the trench. In three 
months the vines are well established and can be tied on to the 
standards. Hoeing and weeding the beds and manuring around 
the beds are both repeated every three months. The standards 
are then bent forward towards each other, crossed and tied 
together, or cross poles are tied across them, to make the 
standards stand firm and not likely to be disturbed or broken by 
the wind, and the vines as they lengthen are tied to the standards 
again. Early in the following year from about the middle of 
January, the vines are lowered by untying and releasing them 
from the standards, and burying about three feet length of them 
nearest to the ground, carefully coiled round, in the soil around the 
vines. Further manuring and weeding follows and regular water- 
ing. The vines make fresh growth and send out many branches 
and the leaves from the latter a.re ready to pick in another three 
to four months. The vines are allowed to bear leaves for picking 
for about 18 months to two years and then the garden is destroyed 
and the land restored to the cultivation of rice, or other crops, 
Along with the main crop of betel leaves, considerable miscel- 
laneous crops like vegetables of different sorts and some plantains 
are grown along the margins of the beds. The betel leaves are 
picked some three to four times in twelve months. 

2. Betel leaf cultivation is in many places carried on in 
rotation with rice, the betel leaf garden occupying the ground 
for a period of three years, after which it is given over for rice. 
The lay out of the garden, in such places in South Madras 
Districts is as described below. ■ Long narrow trenches of about 
one foot wide and five inches deep and about fifty feet long are 
dug at distances of seven feet from each other, the earth from 
the trenches being thrown on to and spread evenly over the 
ground. On these beds two furrows are drawn parallel to the 
trenches and dividing the bed into three long strips of equal 
width of about two feet. Seeds of ' Sesbania grandiflora ' 
intended as standards for the betel vine are sown in these 
furrows in groups of four to six seeds at distances of four inches 
from each other. The furrows are then kept regularly watered 
and the beds are also earthed up from the trenches which are thus 
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deepened at the same time. Three months after the standards 
are sawn, about the month oE October, the cuttings of the betel 
vine are planted, The cuttings are about one foot long and are 
planted at the rate of two cuttings below each group of standards. 
The garden is now fenced very thoroughly and screened 
effectively both as a protection against the wind and for 
security. With ordinary cultivation the vines grow long enough 
to be tied to the standards about the month of February, and 
about the same time the standards are bent towards each other 
near the top and tied so as to form a sort of canopy. Three 
times through the following two years the garden is heavily 
manured and kept regularly irrigated. In these gardens pick- 
ings are made once every month and the vines are also lowered 
once or topped to reduce the height and induce branching. A 
number of miscellaneous vegetable crops are grown in and about 
the gardens, which add materially to the income. After three 
years or four the gardens are destroyed and given over to rice 
cultivation, The Sesbania standards are removed and sold for 
fencing purposes. Leaves to the number of about 160 lakhs ate 
reported to be the annual yield in such gardens. 

3. Trenches are dug three feet wide and three feet deep 
and some 15 to 20 feet long. These trenches are separated from 
each other by strips of ground left undug which are also throe 
feet wide and the same length as the trenches, so that trenches 
and level ground alternate with each other. Part of the earth 
from the trenches is thrown on to the undng strips where it is 
spread level. The trenches themselves are then filled with good 
soil, vegetable mould and manure up to one foot from the level of 
ground. Suitable elevated water channels for irrigation are laid 
out between every two series of such trenches. In these beds about 
the monbh of June — July along the margins and at distances of 
three feet from each other, are sown three seeds composed of two 
Erythrina Indica and one Hesbania grandiflora, so that when the 
trees grow they will have the appearance of a group of three 
trees planted in each of the four corners of a square of three 
feet wide. The beds are kept watered regularly and in a week 
after the seeds of the standards are sown the betel vine cuttings 
about two feet long are planted at the rate of one for each set of 
standards. About two nodes length is pressed into the soil near 
the standards and the free end is carried near the opposite 
standard ; another cutting is likewise planted near the latter and 
its free end is carried near the first standard, so that the cuttings 
meet and cross each other about half way between the standards. 
Sticks of Erythrina Indica and bamboo are put in as temporary 
supports for the vines until the permanent ones grow up. The 
beds which alternate with the betel leaf trenches are devoted to 
the cultivation of vegetables such as radishes, onions, carrots and 
so on. The cultivation of betel leaf in regard to weeding, manur- 
ing, watering and the annual lowering are more or less similar 
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to those alre.ady described. The standards have their Bide 
branches removed up to a height of some 15 feet, above which 
they branch well and carry a ahady crown of leaves. 

Gardens are also made without any elaborate arrangements 
for drainage and irrigation trenches. such as are described above; 
water is derived from low shallow wells and. the vines are hand- 
watered. For this purpose after the area is fenced in and then 
prepared by digging, the removal of weeds and roots, etc., the 
dug earth is allowed to weather for about a month during March 
and April. In the middle of May, the ground is levelled and 
low basins made for the planting of the vines. These are two 
feet in diameter and about three inches in depth, and are made 
at distances of 7£ feet from each other both ways. When the 
ground is well softened by rain about the months of May and 
June five cuttings of the vine each two feet long are planted in 
each basin alongside each other by their middle with the free 
ends sticking out. The cuttings are shaded and watered daily. 
Soon after the planting of the cuttings seeds of the trees for the 
standards are sown in a row along a furrow hoed by the side of 
the basins, at distances of 18 inches from each other. The 
standards are the usual Erythrina, Eriodendron anfructuosum, 
Sesbania, etc. The basins are weeded and manured once a 
month and watered frequently regularly. Until the standards 
grow up the vines are trained on to temporary standards of dry 
sticks put in near the growing vines. The vines are trained on 
to the permanent standards in a year and the temporary ones are 
removed. Intensive manuring and cultivation are continued and 
the vines tied to the standards as they grow. Every year, the 
lower portion of the vine consisting of the older growth is gently 
pulled down and buried in the ground. The vines begin to yield 
leaves from the beginning of the third year and continue to do 
so, with the usual yearly operations beiDg conducted regularly, 
almost indefinitely. 

4 Cultivation Method in Areca Gardens. — The planting of 
betel vine in the areca gardens with the areca trees a9 standards 
is obviously possible only after the areca trees have grown suffici- 
ently tall, which they do only after some fifteen years after they 
are planted. For planting betel vines in these gardens pits are 
dug near each tree about two feet square and eight inches deep 
in the month of May, allowed to weather for a month, filled in 
and left to settle. A month after some good rains have fallen, 
the betel vine cuttings are planted in these pits at the rate of 
five cuttings, two feet in length each in each hole, the free ends 
being made to slope towards the areca tree standard. The pits 
are now shaded, and watered frequently. After the vines strike 
root the shade is removed and the ground weeded and manured. 
The ground is stirred and weeded every month, when some 
manure is also given.- The vines make enough growth to be 
tied on to the areca early in the following year. .Frequent 
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waterings are now given and once in two months .the beds are 
hoed and manured. In 18 months after planting, leaves become 
available for picking. Early in the next year or the third year, 
the vines are untied and the lower four or five feet comprising 
the first year's growth is coiled and buried near the vines. 
Manuring and watering are also given at the same time and the 
waterings are frequently and regularly continued. The vines 
give three pickings in the year. Lowering of the vines is an 
yearly operation, and is carried out from February to May. 

Picking the Leaves. — As cultivated in the permanent betel 
gardens of Mysore the picking of the leaf commences only in the 
third year after the vines are planted. Leaves are picked only 
from the branches springing from the main stem and not from 
the main stem itself. Each vine is picked generally four times 
a year, but there are places where the vines are picked five times 
a year or roughly once in two months. On the other hand, there 
are also gardens where the picking is less frequent being only 
three times in the year and even only twice in a year. The 
general practice may be said to be four pickings. All the vines 
in a garden are not picked at the same time, but the pickings 
are so arranged that there may be a picking once a week, usually 
for some particular weekly fair. In a garden where the annual 
pickings are four in n amber for instance, the garden is divided 
for the purpose of picking into twelve divisions which are picked 
at intervals of about three months. Pickings are of two kinds 
also ; in one, all but the youngest leaf at the growing end of the 
branch are picked and, in the other only two or three are picked 
and all the younger leaves are left. The former gives a much 
larger number of leaves, sometimes even double that of the 
latter, but it weakens the vine and the annual pickings may be 
only three instead of four. As the vines are usually too tall to 
be reached from the ground tall ladders usually resembling a 
somewhat crude step ladder are used to pick the leaves. The 
vines are seldom allowed to grow more than ten or twelve feet 
high, the extra growths if any are pinched off. A year's growth 
is about six feet in length and the stem above the ground is a 
two-year growth at its maximum when it is taken down. 
Leaves are picked by cutting the petiole clean ; and for this 
purpose a sharpened steel thumb nail is used which the picker 
slips over the end of the right thumb and uses it just as he 
would use his real thumb nail. 

Yields. — The yield from the betel gardens of Mysore which 
are all permanent gardens grown independently or in conjunc- 
tion with areca will amount to something like five to twelve 
lakhs of leaves per acre depending upon the number of standards 
per acre. The yield in the gardens of South India is ten times 
as large ; in the Vellalur betel area the yield during three years 
ranged from 4,600 to 5,000 'palagais', each of 2,000 leaves. 
Yields from other South Indian gardens are given as higher still 
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amounting to 40 loads, each of four lakhs of leaves. In Bengal 
(according to Mukerjee) the yield is about 80 lakhs of leaves per 
acre. 

Botany and Varieties. — The betel vine—Piper betle— 
belongs to the natural order piperaceae. It is a tall climbing 
vine, with nodes at the stems which swell and bear adventitious 
roots. The leaves are smooth, cordite, ovate, or obliquely ovate, 
the sizes varying according to varieties. The plants are dioecious 
and the flowers are minute in catkin-like spikes. These are 
however seldom seen on the betel vine. 

Varieties in Mysore. — Several varieties are grown in differ- 
ent parts of the country which differ from each other generally 
in the outward shape of the leaves, in the shade or depth 
of the green colour and in the taste arid aroma of 
the leaves. The following varieties can be seen growing in Mysore 
and the names given are descriptive of the shapes of the leaves, 
These are (1) ' Kumbala balli,'— ■ a vine with very large leaves 
(literally, vines with leaves like pumpkin leaves) very dark green 
in colour, tasting somewhat pungent, and generally yielding a 
smaller number of leaves than other varieties. (2) 'Kari balli ' 
(literally, black vines) the leaves are medium sized, and dark 
green in colour and generally coarse in texture. (3) ' Nagaballi' 
which is bland in taste, has small leaves shaped like the hood of 
a snake and which are light green in colour. (4) 'Ambadi,' 
which are long and narrowish, light greeu in colour and have a 
pronounced aroma somewhat resembling camphor. (5) ' Eani- 
galu, (literally, oleander-leaved), which are very small and 
narrow and light green in colour and very bland in taste. There 
are however a number of different local names describing varie- 
ties which are probably the same, more or less as the above ones 
with such differences as may be induced by differences in soil, 
and cultivation. Leave.? from certain localities are distinguished 
for special qualities especially in respect of texture and of taste. 
In the Mysore State, Mysore, Gundlupet, and Arsikere are 
noted for high class leaves. 

The betel vine does not normally bear flowers and fruits, 
but occasionally an inflorescence here and there may be met 
with, particularly in some varieties, which look much like 
'catkins' or spikes of the pepper plant. Fruits however do 
not set. As in the case of the pepper plant male and female 
inflorescences are borne on different plants. 

Betel leaves from South India are sent regnlarly in large 
quantities to Bombay and Upper India. The annual export from 
Mysore State amounts to some 35,000 maunds (I maund= 
82 2/3 lbs). 

Pests and Diseases,- — Betel gardens are looked after very 
carefully with much attention to what may be called 'plant 
sanitation ' as it is locally understood. Gardens are kept excep- 
tionally tidy and anything considered unclean is excluded — a 
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caution which is carried to the extent of refusing admission 
to visitors who may be wearing shoes or sandals. Diseases 
are rare, probably for this reason, but in recent years there 
has been considerable loss due to pests and diseases, which how- 
ever are not many. 

1. Mildew— The most troublesome disease of betel leaves 
is mildew on the leaves. Both young and old leaves are attacked 
and the mildew patches may be few or spread all over the leaf. 
In bad cases the leaves drop off altogether, but even if the attack 
is only mild the presence of only one or two mildew spots on the 
leaf makes it unfit for any but the poorest markets. Spraying 
with Bordeaux mixture, dusting with lime and sulphur and 
spraying with sulphides of potash have all been found 
to control the mildew, and if the crop of leaves so sprayed can be 
picked and discarded then the method can be adopted and the 
disease controlled so that the later flushes at least yield healthy 
and saleable leaves. The price of the mildewed leaves goes down 
very low and lots even become unsaleable. The disease has been 
a source of great loss to growers. Remedies ordinarily applicable 
to the treatment of mildews are out of the question in the case 
of the betel leaf mildew, as they all leave a coating or deposit of 
the material sprayed outhe leaves which, however thin it may be 
makes the leaves unfit for use. Probably one or two pickings 
will have to be sacrificed, the garden being sprayed or dusted 
during that interval, 

2, Black Rot, — Another disease is a kind of blackrot of the 
laterals and stems, in which the surface becomes black and the 
vines gradually become weak and dry up in the course ol a year 
or two. The blackening of the stem appears on the stem above 
the ground and on the portions below. The attacked plants 
have a drooping appearance in the early stages of the disease and 
later on dry up completely. The disease was studied at the 
Vellalur station near Coimbatore and several remedies were tried. 
Spraying with Bordeaux mixture even though repeated three 
times within a period of two months did not result in any 
improvement. Improved drainage resulted in higher yields and 
so did thfi liming of the soil. Earth- worms have been suspected, 
but it was found that increased yields were obtained notwith- 
standing a larger population of earth-worm. The importance of 
sufficient drainage was however strikingly brought out. In these 
experiments vines grown on ridges about a foot higher than beds 
made side by side according to local practice gave not only 
higher yields but also a better quality ; the increase in yield 
varied from 22 to 28 per cent. Studies in the Central Provinces 
show on the other hand that the disease can be kept in check by 
spraying with Bordeaux mixture and treating the soil by 
Bordeaux mixture irrigation. 

" Bleached" Betel Leaves, — In Bombay and Upper Indian 
markets, betel leaves are sold after they are 'bleached', These 
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'bleached' cream-coloured leaves are in great demand and in 
many towns and cities are the ones that are used exclusively. 
Green leaves are therefore subjected to a ' bleaching ' process, 
For this purpose healthy green leaves are first trimmed by cut- 
ting off their stalks and are then neatly arranged and tightly 
packed in large baskets lined with wet plantain leaves or gunnies, 
(hessian). The baskets ai e then kept in darkened but well ventilated 
rooms for several days and both temperature and humidity are 
regulated. The leaves gradually turn to a creamy colour but 
considerable decay also sets in. Every day the leaves are 
examined, those that have changed to the proper colour are 
sorted and taken out, and those showing signs of decay are 
also removed. The leaves do not colour uniformly and 
generally considerable green tint and spots of incipient decay 
and blackening are ti be seen. in these so called 'bleached' 
leaves, A good deal of experience is required in the work 
which is in the hands of trained men. It was found that 
' bleached' leaves show a higher content of -essential oils 
and possess also a higher diastatic activity. The leaves are 
generally sold at double the price of the ordinary green or 
unbleached leaves. 

Chemical Gompositioii.~'Beie\ leaves owe their spicy burning 
taste to a volatile oil, which is a light yellow to dark brown 
liquid with an aromatic odour and which has a specific gravity 
of 0'95S to 1'044. The oil is a mixture of several compounds, 
the presence and proportion of which give the markedly 
different varieties of the leaves, their distinctive taste and aroma. 

The chemical composition of the betel leaves as determined 
at the Betel Vine Station, Vellalur, is as follows :— 
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The leaves have considerable vitamins, both vitamin 
B and 0, viz., a vitamin B content of 9'365 and, vitamin content 
of 4'B00 milligrams per 100 grammes. 

VI. HEMP (Cannabis Sativa). 

Vernacular name : all Vernaculars— Ganja, Bhang- 

The true hemp— Cannabis sativa — is grown on a small 
scale both in Mysore and Madras ; it is grown not for the sake 
of its fibre, but for the sake of the highly narcotic resin product 
called ' ganja ' which the plant yields. The drug is a monopoly 
of the Government and the cultivation is only to the extent that 
may be required by Government and is parried on by licensed 
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growers, who cultivate and prepare the product under the close 
watch and supervision of officials of the Excise Depart- 
ment. 

In other parts of the world however, the plant is the source 
of an important fibre, the true hemp, as distinguished from the 
sisal hemp, sunnhemp and so on, also called European or 
Bussian hemp. 

Distribution. — Both as a fibre crop and as the source of 
' ganja ', ' bbangi ', ' charas ' which are the different narcotic 
substances obtained from it the crop is of very ancient origin. 
It occurs growing naturally or cultivated throughout the world 
over a wide range of climate, soil, and altitude, in Central Asia, 
Persia, China, Arabia, America and the table-lands of Brazil, 
even in northern Bussia as far as Archangel, in England and 
Southern and Central Europe, In India it is cultivated from 
the sea level as in Bengal up to altitudes of 10,000 feet in the 
Himalayas. 

Soil. — In Mysore the crop is cultivated on moderately 
clayey loams underlaid by porous sandy soils, chiefly on the river 
alluvium along the river banks in the Goribidnur neighbourhood. 
It is grown as the main crop of the year as it takes nearly five 
months to harvest and as the soil has to be well prepared in the 
preceding months. It is grown only under irrigation and its 
cultivation is of an intensive character as for the valuable garden 
crops. It is grown practically as the only crop of the year. It 
is only an occasional crop and may follow any of the numerous 
semi-irrigated crops or even rice which are common in this 
highly fertile tract. 

Cultivation.— The field is thoroughly ploughed in the first 
good rains in the month of June and the ploughing is repeated 
several times ; the ploughed field is again prepared by cultivators. 
The clods are broken by mallets and the field cleaned of stubble, 
grass and weeds, and sheep are folded on the land or cattle 
manure at five cartloads per acre is applied and the field well 
levelled. The sowing of the seeds in the ploughed field is done 
in the beginning of August. Shallow plough furrows are drawn 
at distances of four feet from each other and the seeds are dropped 
into the furrows and covered by an adjoining furrow. About 
five to eight pounds of seed are sown in an acre. The furrows 
are for the first time irrigated now. The seeds germinate and 
plants are seen above ground in about ten days. In about a 
fortnight thereafter the field is worked with the interculturing 
toothed hoes, both along and across the rows and the crop is 
thinned considerably. The interculturing between the rows is 
repeated twice at intervals of two weeks, and the field is also 
hand weeded. Irrigations are given about four to six times 
depending upon the extent and frequency of the rainfall, through 
the whole crop season. The crop grows thick and bushy and 
reaches a height of about 4 to 6 feet. About the month of 
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November the plants form flower heads and the most laborious 
part of the cultivation now begins. 

The 'ganja' plant is dioeceons, that is, the plants bearing 
the male flowers are different from those bearing female 
flowers. As regards the ' ganja ' resin which is the product for 
which the crop is cultivated, it is found only in the flower heads 
of the female plants. Furthermore the resin is formed only 
when these female flowers are not fertilised. If they are ferti- 
lised, then they merely set seed and are practically worthless as 
yielders of ' ganja '. The crop however is a mixture of male and 
female plants, and the work at this stage is to pull out the male 
plants as soon as they can be made out as such, so that there 
may be no male plants which may fertilise the female plants 
and thereby ruin the work of the year. To the extent male 
plants are allowed to remain by neglect or want of timely 
attention, to that extent the ' ganja ' yield of the crop goes down. 
The held is therefore gone over repeatedly, thoroughly and closely 
inspected, and every male plant as soon as it can be distinguished, 
as male is pulled out and taken away and only the female plants 
are allowed to remain. The flower heads of these plants are soft 
as cotton to the touch if the fingers are passed over them, in case 
they are not fertilised, but feel rough and knotty if they have 
been fertilised. Many plants passed over as female turn out to 
be male and even with great care a certain percentage of the 
female plants is fertilised, Eesin now begins to form rapidly in the 
unfertilised flower heads which become quite sticky to the touch. 
Eain at this stage is most damaging and is therefore greatly 
dreaded. About the middle of January the plants begin to yellow 
and are 'ripe to cut. The plants are harvested by cutting them at 
the base of the stem. They are removed to the threshing floor 
and the flower bearing branches are cut and arranged circularly 
on the floor, after which they are trampled over, The flower 
heads become pressed together and adhere firmly, in the form of 
a flat cake, owing to the gummy resin. The flat mass of 'ganja ' 
is now cut into circular discs which weigh about a pound each 
and taken to the Government Treasury. 

' Ganja ' is the only product for which the plant is made use 
of. The male plants which are removed from the field in cart- 
loads and which can be made use for fibre are simply regarded 
as waste material and made use of as manure and as fuel. 

Yield.— The yield of ' ganja ' cakes per acre is abont 250 lbs., 
in the average crop. A good crop should give 350 lbs; yields 
up to 425 lbs., are also obtained which is considered very high. 
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SECTION IX. 
MEDICINAL CROPS 
I. GINGER 

Vernacular names foe GINGER: Kanmda— Hasisunti, 

Tamil — INJI; Telugu— Allah ; Malayalam — Inohi; 

Hindustani — Adbak. 

The ginger plant is cultivated for the sake of its under- 
ground stems or rhizomes which is the product to which the 
name ginger is given, As a spice it is used in many articles of 
food, but to a larger degree it is used as a, medicinal product. 

Distribution. — The ginger plant has been cultivated from 
very ancient times and has been an important article of 
commence also. It is regarded as native to Southern Asia where 
it has Jong been under cultivation and where it continues 
even at the present time to be an important article of cultivation. 
Ginger is cultivated over the greater part of the tropical and 
temperate zones. The chief countries of cultivation are India, 
the East Indies, China, the West Indian Islands notably Jamaica, 
North Africa and West Africa. In India it is cultivated through- 
out the country in practically every province. Oa a large scale 
it is cultivated only in South India, where the ginger from 
Malabar has been an important article of export to other 
countries. Other important centres are Surat and Gujarat in 
Bombay and Eangpur in Bihar. The plant thrives both at sea 
level and at high elevations of 3,000 feet, as in the Mysore 
plateau. It is grown up to elevations of -5,000 feet in the 
foot hills tracts of the Himalayas. 

It is a crop which requires considerable shade and moisture, 
and good irrigation or a heavy well-distributed rainfall in the 
alternative. It is grown therefore in tracts of both moderate 
rainfall and of heavy rainfall, up to 90 or even 100 inches, as in 
Malabar and in the malnad of Mysore. 

Soils. — It grows on a wide variety of soils, provided they 
are not alkaline or lack adequate drainage. It grows on sandy 
soils, sandy loams, clayey loams, the typical red loams, on the 
lateritic soils of Malabar and the black rich, clayey soils as are 
found under tank irrigation. Good drainage is however very 
important and suitable provision is always made for adequate 
drainage in whatever method it may be cultivated. 

notation. —The ginger crop . takes almost nine or ten 
months to be harvested and therefore forms the only crop of the 
year. Sometimes it may be left in the ground even for a second... 
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season. Moreover ginger as grown in Mysore is cultivated in 
association with another crop which is to provide the necessary 
shade. In some villages it is grown under the shade of the 
plantains and in this case it is a regular plantain garden with 
ginger as the ground crop. Elsewhere, the shade is provided by 
the garden ' togare ', which also is grown as much for its crop as 
for its shade. Another common shade plant is the castor oil 
plant of the much branching perennial variety, sometimes called 
the 'tree castor'. In this case the principal object is the shade and 
the crop from the castor is not an important consideration. It 
can therefore be said that there are really two crops grown on 
the land, the ginger being however the main crop. The practice 
of growing the ginger under shade is not however universal ; in 
fact, outside of Mysore large areas are grown without any shade 
at all. 

The rotation for ginger is about the same as for turmeric. 
Irrigated ragi, maize, chillies and many other garden crops are 
rotated with it in the ymall scale garden cultivation, in which 
form alone it is generally cultivated in Mysore. In tracts of 
heavy rainfall, it is solely grown with the help of rain, and 
tapioca, sweet potato, chillies and various yams are the different 
crops grown in rotation with it in these tracts. 

Cultivation, — For irrigated cultivation the soil is dug soon 

after the harvest of the preceding garden crop at the beginning 

of the hot weather to" a depth of 18 inches and is allowed to dry 

in large clods. With the very first early rain about April, the 

clods are broken, dug again, weeds, roots and stubble removed 

and burnt and the soil brought to a good tilth. It is then 

heavily manured with about forty cartloads of cattle manure per 

acre, or even more, the manure is well worked in and then the 

field is laid out into beds for irrigation. The ginger plots are 

also surrounded on all sides with a good trench 18 inches to 2 

feet deep and about 9 inches in breadth, for the sake of drainage 

and the prevention of water logging. The beds are all made 

ready by the middle of May, which is the season for planting 

ginger. The planting material consists of pieces of ripe ginger 

which have at least one good shoot or bud. Furrows are drawn 

in the beds with hand tools at distances of a span or nine inches 

and in these the seed ginger is planted by pressing it into 

the soil about two inches deep and at distances of six inches 

from each other. The bed is levelled and irrigated. At the 

same time along the irrigation channels seeds of garden 'togare' 

are planted, so that they are twelve feet from each other both 

ways. Instead of ' togare ', castor seeds can be planted, or a few 

of the one and a few of the other may be planted. If the buds 

are vigorous, shoots may appear above ground in about ten days, 

otherwise it may take two or even three weeks for all of them 

to show above ground. The beds are hand weeded frequently 

and irrigated as required, Caltle manure is also given twice in. 
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the course of three months. The plants grow to a height of 
about two feet, with several lateral and young shoots from the 
same clump. The crop becomes ready for digging about the 
month of December, when the leaves begin to yellow and the 
stems to dry and lodge on the ground. The harvesting may be 
done by digging out the whole crop or by digging only portions 
of the crop or by digging only portions of the clumps. The 
harvesting may not be done at all and the crop allowed to lie in 
the ground. All these enable the cultivator to remove the crop 
according to his needs or according to the prices ruling in the 
market. 

Rainfed Cultivation. — Where it is grown as a purely rain- 
fed crop as in the malnad of Mysore and Malabar, the field is dug 
or ploughed deep and prepared in the usual manner and then 
laid into a series of long elevated beds of flat ridges divided by 
wide furrows. The ridges or elevated beds axe made about IB 
inches in height and two feet wide and as long as convenient. 
The beds are however cut by cross drains or furrows, which 
serve both as drains and path ways. The soil of the ridges is 
now manured heavily with cattle manure which is worked in 
and the beds then levelled. Seed ginger is planted across the 
ridges at distances of six inches each way. The planting is done 
well in advance of the heavy rains, and generally at the end of 
May or the beginning of June. The bed is now covered by a 
thick mulch of leaves, so as to prevent it from drying and Later to 
break the force of the monsoon rains. Weed growth is not heavy 
under this leaf mulch, and it is left on until the severity of the 
monsoon is over. The crop is then weeded, and the beds 
mended as may be required. The crop becomes ready for 
harvest by December, when it is dug. 

Seed Bate. — The quantity of seed ginger required varies a 
great deal with the distances of planting. Where the ridges are 
divided by wide furrows, the quantity is very moderate, but 
where it is grown in beds under irrigation in garden cultivation, 
the quantities are high. The quantity usually varies from 750 lbs. 
to 1,500 lbs. or even 2,000 lbs. per acre. Seed sets are generally 
very uneven in quality and this also accounts for the great 
variation in the seed rate. 

Yield, — After the ginger is all dug out, it has to be 
thoroughly cleaned by washing before it can be sent out for sale. " 
The rhizomes are not smooth and straight, but are rather rough 
and knotted and the clumps are composed of rhizomes adhering 
close together. All these conditions favour the inclusion of much 
soil and dirt in the clumps which have to be removed by wash- 
ing, drying and rubbing between the hands. The ginger is 
given a light drying in the sun VeEore being brought in. The 
yield of ginger as it is dug varies not only according to the 
method of cultivation and the season but also according to the 
condition in which it is dug whether somewhat tender or quite 
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ripe and rather dry. Under good garden cultivation some 7,500 
to 10,000 pounds of ginger in moderately dry condition can be 
obtained per acre, though very high yields up to 40,000 pounds 
are also reported. 

Dry Ginger. — A good deal of the ginger of commerce is dry 
ginger, which consists of ginger rhizomes peeled of their skin, 
well dried and bleached. Various methods are in vogue in 
different cultivating tracts for preparing the ' dry ' ginger. The 
method adopted in the Surat district (Bombay) is thus described 
by Mallison; after the ginger is sun dried after digging and 
cleaned of adhering earth, it is soaked in water until the 
rhizomes soften somewhat and become easy of peeling. The 
skin is shaved off with bits of seashells, and the peeled rhizomes 
are well washed in water and put out to dry in the sun for three 
or four days. This bleaches the ginger and dries it. It is now 
rubbed between the hands and put out again in the sun to 
bleach and dry for another three or four days, after which the 
rubbing between the hands is repeated. The product is now 
steeped, in water for about two hours, taken out and dried in 
the sun till it is quite dry, rubbed on a coarse cloth to remove 
any last traces of the skin or dirfc and stored as ' dry ' ginger. 
This method of preparing dry ginger is slow but has the merit 
of preserving the fragrance and the essential constituents of the 
ginger almost in an undiminished condition. 

Ginger can be and is, in some countries, cured much as 
turmeric is cured, that is to say by using boiling water to 
rupture the cells and render drying quicker and easier, In this 
method either plain water is used or water containing some milk 
of lime stirred in it. Thes9 methods give ginger of dark or 
poor colour. 

The Malabar 'dry bleached ginger' is prepared in the follow- 
ing manner : Green ginger is put into large shallow brickwork 
cisterns or vats which are lined with cement and water is let in 
enough to stand a foot above the ginger ; the mass is now care- 
fully and uniformly trampled upon under the feet of coolies, 
during which operation the ginger is cleaned thoroughly of 
adhering earth and roots and partly deprived of its skin ; the 
process is repeated with frequent changes of water, till the ginger 
is thoroughly peeled and cleaned. The peeled ginger is now 
removed and put into water containing lime stirred in it, the 
lime water having the consistency required for white-washing. 
After the ginger has remained in the lime water for some time, 
it is removed, drained and then brought ijinto the sulphuring 
chambers. In these rooms which are about 12' X 12' x 12' the 
ginger is kept in small wicker trays in shelves which are fixed' 
against the walls about three feet,pne above the other. Sulphur 
is so burnt in the rooms that no smoke from the fire enters the 
room and only the fumes of the sulphur fill it. The fumigation 
goes on for twelve hours, after which the room is thrown open 
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and well ventilated. The ginger is then put out to dry in the 
sun for a day. Ifc is then soaked in the lime water a second time 
and also fumigated with sulphur and then dried in the sun. 
The same three processes are repeated a third time, the fumiga- 
tion being reduced to sis hours. The ginger -which is now quite 
bleached and white is thoroughly dried in the bud and then 
stored for sale. 

The proportion of dry ginger to raw ginger varies from 16 
to 20 per cent. 

Botany and varieties. — The ginger plant— Zingiber 
officinale J — belongs to the natural order Zingiberaceae, to which 
other important crops like turmeric, and cardamoms also 
belong. 

The plant is propagated by means of the underground 
swollen stems on which are found ' eye buds ' which send up 
shoots above the ground. The plant is perennial and though the 
above ground portions die out annually it continues to live 
through the undergound stems of which new ones are formed 
each year while the older portions decay and die off. The under- 
ground portions which form the ginger are thickned rounded 
stems about half to one inch in- diameter, and are very much 
branched, there being the primaries, secondaries and tertiaries 
the last formed ones having young buds or shoots at the tip, 
A clump of rhizomes resembles in shape roughly hands and 
fingers, by which terms indeed they are sometimes known. The 
rhizomes have circular scars close to each other all along their 
length with minute scales adhering to them. The roots are 
fibrous and spring from the base of the rhizomes and traverse the 
ground to a depth of about nine inches to a foot with a narrow 
lateral range. The above ground stem is erect, unbranched and 
thin though slightly thickened at the base. It is formed of the 
sheating petioles of the leaves. The leaf blades are smooth, 
narrow and lanceolate, and are borne at about right angles to 
the stem. The plant grows to a height of about one foot to two 
feet. Flowers rarely appear on the ginger crop. They are of 
the type characteristic of this order of plants, the inflorescence 
being a spike springing fxom the underground stem, protected 
by imbricated concave bracts. The flowers are bisexual and 
possess the characteristic modified petaloid stamens, one of which 
alone bears anthers and a style with a funnel shaped stigma. 
Neither flowers nor seeds are commonly seen. 

The ordinary cultivated variety is the only one met with. 
The so called ' mango ' ginger which is cultivated on a small 
scale and used in pickling, on account of the peculiar mango 
flavour possessed by these rhizomes is however a species of 
turmeric— Curcuma amada,— and not a variety of ginger. 
Varieties can however be seen in Upper India, in which both the 
plants and rhizomes are much larger in size and the inside of 
the ginger itself somewhat light pink in colour. 
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Pests and diseases. — There are no seridus peats attacking 
ginger. The shoot-boring insect (Diehocrosis punctiferalis, G.) 
the grub of which bores into the shoots of the turmeric and also 
attacks likewise cardamoms attacks the shoots of the ginger plant 
also, causing the shoots to wilt and die. The shoots and under- 
ground stems are also subject to the attacks of certain fly maggots 
similar to the pest on cardamoms. No remedies have been 
worked out, but the incidence of the pest and the damage are 
negligible. 

A disease often causing serious loss is the 'soft rot' (Pythium 
gracile, Schenk) of ginger. Affected plants begin .to become 
pale, and the tips of the leaves to yellow ; wilting and drying 
up of the leaves follow. The fungus descends down into the 
base of the shoot which becomes soft and watery. The rhizomes 
themselves are next invaded and all the tissue inside the outer 
skin is reduced to a black soft putrefying mass. Affected plants 
do not produce any further rhizomes. 

The disease is favoured by damp, and badly drained condi- 
tions, which are intensified in seasons of heavy rainfall, when alone 
it breaks out seriously. Infection occurs from infected soil and 
from infected seed. Treatment is only of a preventive character, 
such as the planting of healthy seed without any suspicion of 
any diseased origin, digging the whole crop of ginger at matu- 
rity and avoiding the planting of ginger in the same soil for 
several years, and the burning of all leaves and other diseased 
materials. In areas of heavy rainfall, the heavier soils inclined 
to become very wet in the monsoon should not be put down for 
ginger. 

A leaf spot disease or ' Vermicularia ' disease is sometimes 
seen on ginger. The leaf blades become covered with many yellow- 
ish and brownish spots, which develop and gradually dry lip both 
the leaves and the shoots. Dusting the plants with quicklime 
is claimed to keep down the disease, but spraying with Bordeaux 
mixture is found more effective. 

Chemistry and uses. — Like turmeric, arrowroot and so on, 
of this order, the dry matter of ginger rhizomes consists largely 
of starch ; its special aroma is due to the volatile oil which is 
present to the extent of 2 to 3 per cent, and its pungent taste is 
due to the presence of a resin, found dissolved in the oil. The 
chemical composition of the raw ginger is as below : — 

Water Albuminoids Oil Carbohydrates Crude fibre Ash 
81'0 2-3 1-0 12-3 2-4 12 

Ginger is used as a spice in cookery and as a medicine. 
It is also prepared as an article of confectionary or preserve, 
sugared as crystal ginger, or preserved in syrup. It is pickled 
in salt and is us^ed very generally in Indian homes. As a medi- 
cinal article, ginger is credited with curative properties in many 
digestive troubles. Dry ginger is indeed one of the three 
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important ingredients considered as the foundation of many 
Indian medicinal prescriptions, the other two being black pepper 
and long pepper. 



II. SENNA. (Cassia angustifolia) 

Vernacular names for SENNA :— Erwmada-SoNAMUKHi, 
Tamil-Ni'LA.VAGAl, Telugu — Ne LATANGEDU. 

Senna, also called Tinnevelly Senna, is cultivated for the 
sake of its leaves which are used medicinally on account of their 
purgative properties. The plant is regarded as a native of Arabia, 
in the southern parts of which as well as on the opposite coast of 
Africa it abounds. The plant occurs in the Punjab and in Sind 
on waste land but is cultivated and grown in some parts of India, 
notably in the Tinnevelly district of the Madras Presidency and 
in parts of Bombay around Poona, where at one time it was a 
crop of considerable importance. Owing, however, to the small 
and fitful demand for the leaves on account of the increasing 
popularity of various salts with similar properties, the cultivation 
is only on a limited scale and confined practically to the Tinne- 
velly district. As a recent introduction in Mysore the crop has 
been found to do very well wherever tried. The plant is grown 
principally as a dry crop on dry land fields. To some extent it 
is sown on rice land immediately after the harvest of the rice 
crop, where it grows either depending entirely on the moisture 
left over in the soil, or is given a light irrigation, if available, 
somewhat in the way that green manures are grown. Very 
rarely, for instance, when there is a good demand, it is grown as 
a semi-irrigated crop, and as a subsidiary crop in young cocoanut 
gardens. The crop will not stand heavy irrigation. 

The crop can thrive on a variety of soils, but is largely 
grown on red loams including even coarse gravelly soils, on 
alluvial loams and on the rich clayey rice fields. It is seldom 
seen however on the black cotton soils. 

Senna is grown either as the main rainy season crop from 
the month of July onwards or in the later monsoon.. from 
September onwards. The crop occupies the ground for three 
months when only leaves are gathered and for another month to 
six weeks, if seeds are to be gathered also. Sometimes it is left 
standing for two or three years ; and as it is a hardy deep rooted 
plant it is able to survive the hot summer months. It is how- 
ever only in areas where no better crops can be grown and where 
the expense of annual cultivation has to be saved that it is left 
to struggle on in this way. The later sowing season, viz., the ; 
month of September, will be found more convenient from the 
point of view of drying the leaves after they are gathered, while 
the July planting season (in Mysore) will be found better from 
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the point of view of yield. The land for senna is usually pre- 
pared roughly, and no fine clean tilth is attempted. The field is 
ploughed twice, harrowed and levelled and soon after a soaking 
rain the seeds are sown, generally broadcast ; sowing in rows 
either in plough furrows or through drills will be a better 
practice. In the latter case the rows can be made one foot apart 
and the seeds sown fairly thin in the rows. About 15 lb. of seed 
will be required for an acre. The seeds have a hard and tough 
seed coat and a certain amount of rubbing with coarse sand so as to 
abrade the surface, which can be secured by pounding it lightly 
in a mortar with the sand, will be necessary for inducing even 
and quick germination. After the plants begin to grow, inter- 
culturing once or twice is given after which the rows close up. 
The plants do not grow tall but when the flower stalks begin to 
grow they elongate and become almost equal in height to the 
lower portion of the plant. It is usual at this time, that is, when 
the flower stalks begin to appear, to cut off the flower stalks ; 
this has the effect of inducing further branching and perhaps of 
increasing the potency of the leaves. When the bulk of the 
leaves appear mature, which can be judged by the leaves becom- 
ing full grown, thick and bluish in colour, losing the tender green 
of the young leaf stage, they are stripped and collected. The 
plants are left in the field to yield a further flush of leaves and 
also to bear flowers and set seed. They are later on stripped 
again, and left in the field to be pulled out when the seed pods 
are dry. The leaves collected at the two strippings are spread on 
a clean floor indoors or, at any rate, under shade to dry. The 
layer of leaves is frequently stirred with the feet or by means of 
rakes so that the leaves dry uniformly. In a week or ten days 
the drying is complete and the leaves at this stage are of a yellow- 
ish green colour and are fit for sale. The pods are also well 
dried and beaten out to get the seeds. The yield of dry leaves 
from dry cultivation is about 700 lbs. and that from irrigated 
cultivation about 1,400 lbs. per acre. 

Botany and Varieties. — The Senna — Cassia angustifolia — 
belongs to the natural order Leguminosece and the sub-order 
Caesalpiniae. It is an erect, low growing, much-branched shurb 
seldom reaching more than two feet in height. The leaves are 
simple and pinnate and the leaflets are narrow, lanceolate and 
pointed, about § to -| inch across at the middle and about l a to 
2 inches in length. The leaves are thick and tough and when 
ripe are somewhat yellowish green in colour, and as marketed 
have a peculiar disagreeable smell. The flowers are brilliantly 
yellow in colour and are borne on along slender stalk often 12 
to 18 inches in length. The pods are flat and thin about £ inch 
wide and about 3 inches long. A closely related species, which 
is almost identical with Tinnevelly senna, is the Alexandrian 
senna, Cassia lanceolata, which come.i from Arabia and East 
Africa and which often competes with the former. 
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Chemical Composition and Uses. — The senna leaf ia esteemed 
as a safe aperient and is used in the form of a cold infusion or 
decoction in water either by itself or ia conjunction with other 
aperients, the disagreeable odour being often masked by the 
addition of ginger, cloves, etc. The leaves owe their purgative 
property to the glucoside, cathartic acid. 

III. AJWAN (Carum copticum). 

Vernacular names for AJWAN :—Kannada—OMA, 
Omakki; Tamil -Omum, AsAMADAM; Telugu— Omu, 
OmAMO ; Malay alam — Ayamadakam ; Hinditstani-Any AN. 
Omum or ajwan is one of the minor crops grown in many 
parts of India, principally for the sake of its medicinal value and 
to a smaller extent for use as a spice and flavouring agent. The 
plant is said to be a native of Egypt, but ia grown in many 
countries in Central and Western Asia, such as Iraq, Iran and 
Afghanistan. The Indian acreage is estimated about 100,000 
acres, the bulk of which is situated in Bengal. It is grown on a 
small scale throughout India and the best quality is said to come 
from Ujjain in Central India. 

The crop is mainly grown in the plain country but can 
flourish and can be grown to perfection even at high elevations 
such as the plateau of Mysore. It is grown as a cold weather 
crop in the later rains, much like many of the black cotton soil 
crops, chiefly with the help of the moisture stored in the soil 
during the heavy rains. It is grown both as a dry crop and as 
an irrigated garden crop. In the former case the soils suitable 
are only the black cotton soils. The crop is grown mostly by 
itself but to some extent also as a light mixture in low growing 
crops' like fenugreek or coriander. It grows to a height of about 
two feet and the umbels of flowerheads are borne on stiff branch- 
ing stems above and quite clear of the low growing mixed crop. 

Cultivation. — The field is well prepared as for a garden 
crop, by ploughing or digging, the clods are well broken, and 
weeds removed and the soil reduced to a fine tilth. The field is 
also heavily manured with cattle manure. Seeds at the rate of 
about 2 to 3 lb. an acre are sown by broadcasting in the moist 
soil and stirred in either by hand or with a light harrow. The 
seeds sprout in four or five days. Irrigation immediately after 
sowing has to be light and well controlled, so that the seeds do 
not float off and collect at the corners o£ the beds. The crop 
is given light irrigations regularly, and the beds are also weeded 
twice. The plants are thinned if necessary at the first weeding 
and the stand made uniform by thinning from the crowded parts 
and planting blanks or wide spaces. In two months the plants 
are in flower and the field looks at this time like an ornamental 
flower bed with the minute delicately small snow-white flowers 
borne in large umbelliferous clusters. Sown in October or early 
in November, the seeds ripen and become ready for harvest by 
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the end of February or early in March. The plants branch 
rather profusely and the umbels therefore mature unevenly; 
there is a considerable interval of time between the ripening of 
the first formed umbels and the later ones like the secondary 
and tertiary branches. When the bulk is ripe the plan's are pulled 
out by the roots, put out to dry in the threshing floor and 
spread out on mats and carefully rubbed by the hand or feet to 
separate the seeds. A good crop will yield about 300 lb. per acre 
of seed. Grown as a dry crop on the black cotton soils, the 
cultivation is not so thorough or the soil so well prepared; 
the crop however makes almost as good growth as in garden 
cultivation and gives a moderate yield of about 200 lb. of seed. 

Botany and Varieties. — The Omuru plant — Carurn copticurn — ■ 
belongs to the order Umbellifereas. The plants grow to a height 
of 2 to 3 feet with glaucous greyish green steins which branch 
freely. The leaves are sparse, compound, with the ultimate 
segments all linear. The umbels of the flowerheads are com- 
pound with bracts forming linear sometimes divided involucres. 
The flower are very small and white and in the mass very con- 
spicuous and showy. The petals are keeled, and are five in 
number. The stamens are five and epigynous. The ovary is 
inferior and two celled and the fruit is composed of two indihes- 
cent caipels, ovoid and distinctly ridged, the seeds being very 
Binall. The flowers are visited by swarms of minute flies and 
bees. Although there seems to be only one variety under 
cultivation, the name 'aj wan' is sometimes applied to the 
closely allied species, also under cultivation which is 'Camm 
Eoxburghianum.' 

Chemical Composition and Uses. — The chief use of ajwan is 
for the sake of its medicinal value. Its effect is mostly as a 
carminative and as a stimulant. Colic, diarrhoea, flatulence and 
indigestion and such irregularities of the digestive tract are 
believed to be cured by ajwan in some form or other. It is advised 
even in the cape of cholera and 'omurn water', is a good specific 
in the early stages. "Omurn water" is a familiar preparation 
of the seed, which is made by distilling the seed with water 
and is really a dilute mixture of the oil from the seeds with 
distilled water. The seeds with a little bruising are used as an 
inhalatory like smellng salts in the case of colds. The seeds 
contain a volatile oil which is their essential constituent and 
amounts to 4 to 4' 5 per cent of the weight of the seed. The 
chief constituent of the oil is thymol. The oil, on standing and 
cooling, deposits fine white crystals of thymol. 

The seeds are used as a spice or condiment in many Indian 
dishes and are sometimes mixed with arecanut for chewing with 
betel leaves. Even as a spice, it is in most cases intended as 
much for its medicinal value as for its special flavour. 

Trade. — Ajwan seeds form an article of export to a small 
extent. The quantity exported from India during the year 
1939-40 amounted to 79 tons. 
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IV. BAJE OR SWEET FLAG-(Acorus calamis). 

Vebnaoulab names for BAJE : Kannada — BAJB Tamil— Vasambu, 
Malay alam — Vasambtj, Hindustani — BaCHA. 

The 'baje' plant is grown for the sake of its aromatic medi- 
cinal roots or rhizomes. In many parts of the world it grows 
wild as a water weed in the shallow margins of creeks, lakes and 
pools of rivers which do not dry up and along water channels 
which flow almost permanently. In Mysore it is grown, as a 
carefully cultivated crop and receives much care and attention. 
The cultivation is confined to one taluk, viz., Koratagere, and 
somewhat curiously, has net extended to any other part of the 
State, though in Koratagere itself the cultivation is very old. 

The crop is grown in very much the same way as rice, in 
fields which are puddled and which are kept irrigated like a.rice 
field. The crop occupies the ground for a whole year. It is 
grown both in clayey loams and on the light alluvial soils of river 
banks. The planting season is about the months of March — 
April but the crop may be planted almost at any part of the 
year. As the rhizomes have to be dried in the sun after they 
are harvested, it is a convenience to adjust the planting season 
so that the harvest may not fall in the months of heavy rainfall. 

The fields are laid out exactly as for rice and with good 
watertight low bunds for the impounding of water. In fact 
the ' baje ' crop is rotated with the rice crop, or with any semi- 
irrigated garden crop which is grown without the need to remove 
the field bunds. 

Cultivation. — The field is irrigated sufficiently to soften it 
for ploughing and after being ploughed twice is watered 
heavily and ploughed in puddle and left for a few days and 
ploughed in puddle again. It is now levelled by the levelling 
board over the puddled soil. The field is now heavily .manured 
with the leaves of the 'honge' (Pongamia glabra) which are 
trampled into the puddle. In this condition the field is ready 
for planting. 

The planting material is made up of the growing ends or 
tops of the previous crop of ' baje', much as in the case of 
the sugarcane crop. At harvest the mature portion of the. 
rhizomes is cut off and this forms the marketable crop; tbe 
tender portion formed by the growing end is reserved for plant- 
ing, like the tops of sugarcane. These tops can be planted at. 
once or can be kept covered up with dry leaves or straw on the 
ground for about a week or ten days without being damaged. 
If they have to be kept longer, then they are kept in open pits, 
well moistened with water. At planting time these tops are 
slightly trimmed by cutting off and shortening the leaves at the 
end, and are planted in the soft mud by pressing about two 
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inches of the root end into it, the leafy growing end being well 
above ground. The planting is so done that this end slopes and 
points away from the direction in which the water enters and flow 
into the bed. This is done in the belief that it helps in making 
the rhizomes grow longer. The tops are planted in rows one foots 
apart and at a distance of one foot from each other in the rows, 
'scissor' style, that is to say, the plants in the second row come 
in between the plants of the first row and riot opposite to them ; 
plants of only alternate rows are exactly opposite each other. 
The field is kept regularly irrigated and the level of water main- 
tained as for rice, that is to say, at least a depth of two inches in 
the beginning and increased to four inches as the plants grow 
and lengthen. . The field is also weeded several times carefully, 
and every time the growing plants are somewhat pressed down 
along their length into the mud, with only the leaves and a little 
of the stem growing erect. In the fourth month the field is 
manured with cattle manure ; four cartloads are used per acre and 
are broadcast prior to the weeding. Weeding is given almost once 
a month and usually eight weedings are given during the whole 
period from planting to harvest. In about a year from planting 
the tops begin to become yellow and are ready for harvest. 
Water is stopped and the field allowed to dry somewhat retaining 
just enough moisture to make the digging easy. The digging 
has to be deep and is generally laborious and costly, as the 
rhizomes send down roots profusely which go down to two feet. 
After the plants are completely dug out, the tops are cut off and 
retained as seed for further planting. The rhizomes are about 
a foot or 18 inches in length and are now cut up into short 
lengths of about 2 to 3 inches, and all the fibrous root growth 
on these is cut away and the pieces then washed to remove all 
adhering earth and put out to dry in the sun. Five to seven 
days of good sun are required to dry the pieces thoroughly. The 
dry bits are now put into a rough gunny bag and rubbed down 
on the floor in order to free them of leafy scales which adhere 
firmly to them and also any further pieces of root that may have 
remained after cutting away. The produce is marketed in this 
condition. An acre of the crop yields about a ton and a half of 
dry marketable rhizomes and a very good crop may yield up to 
double this quantity. The price of the article fluctuates a great 
deal and has ranged from Es. 2 to Es. 6 a inaund (25 lbs.). It 
is a very remunerative crop but the demand is not large. 

' Baje' is remarkably free from insect pests and diseases. It 
is considered a valuable medicinal article and is used in the 
treatment -ji intestinal worms, the bites of poisonous reptiles, foul 
breath, throat affections and so on. 

It also forms the main ingredient in many insect powders 
used to protect clothes and are put into clothes cup-boards. It 
also enters into the composition of face powders. 



SECTION X 

I. INDIGO. 

Vebnaculab Names for INDIGO -Kannada-Niii, 

Tamil-AVARI, NlLI, Telugu-'NiJui, lialayalam-NlhAM, 

Hindustani-NXL. 

Distribution. — The famous blue dye, indigo, was for 
centuries being derived only from the vegetable kingdom as a 
natural product. Though many kinda of plants yield the dye and 
were in cultivation for this purpose in many parts of the world, 
the bulk was being derived only from the indigo plant — 
Indigofera tinctoria— which was the plant being cultivated in 
India for this purpose exclusively. The advent of the synthetic 
indigo dye has made the cultivation of the indigo yielding plants 
for natural indigo quite unprofitable and it has therefore been 
almost completely given up. In India the cultivation still lingers 
here and there and whenever supplies of synthetic indigo become 
scarce owing to wars or other circumstances (as it happened, for 
instance, during the Great War of 1914-1918) both cultivation 
and manufacture are resumed on a large scale. Por example, 
the acreage in Madras jumped suddenly from 55,000 acres in 
1913-14 to 460,000 acres in 1916-17. Next to the province of 
Bengal, South India was the most important tract of cultivation. 
The Northern Circars, the Ceded Districts, and the districts of 
North and South A.rcot, Chingleput and Tinnevelly were the 
largest producers and in Mysore it used to be cultivated in the 
villages of the Chikaballapur, Bagepalli, and Goribidnur taluks 
of the Kolar district, in the villages of the Maddagiri taluk of 
Tumkur, and in the villages of Belakvadi, Yalandur and others 
bordering on Goimbatore. In the days prior to synthetic indigo, 
the indigo plant wan being cultivated as an important commercial 
crop in many of the tropical countries such as the Philippines, 
Java, China and the East Indies generally, in the eastern and 
western coastal belts of Africa, in Mexico, Guatemala, Nicaragua 
and other parts of Central America, and in the West Indies. 

Soils.—The indigo crop is grown both under irrigation and 
as a dry crop. It is grown on the somewhat clayey soils on 
which rice is usually grown ; it is, as a matter of fact, grown as a 
rotation crop with rice. Under irrigation the lighter alluvial 
types of soil are also put under indigo. As a rainfed crop it is 
grown both on the black cotton soils and on the red clayey 
loams. It is claimed that the crop grown on the lighter types of 
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soils yields a better and larger oufcurn of dye than that grown on 
the heavier types and the black cotton soils with much admixture 
of lime in them but that on the latter types of soils the crop 
itself is heavier. 

Rotation. — The crop is grown both in the rainy season from 
July to December and also in the hot weather from January to 
April. It is generally grown pure ; this i3 especially the case 
when it is grown in rotation with rice on the rice fields. When 
grown as a purely rainfed crop it is sown either pure or in 
mixture with some grain crop like jola or 'sajje'. When grown 
under irrigation it is attempted to be grown mostly with the help 
of the moisture left in the soil after the rice crop is harvested, 
and irrigation is given only moderately, later on. As a rotation 
crop it greatly benefits the succeeding crop of rice or other 
grain, as it is a leguminous crop and the root nodules are profusely 
developed. Moreover the water in which the |?lants have to be 
steeped for extracting the dye in the process of preparing the 
dye, is drained off after the dye has settled and is allowed to flow 
on to the rice fields where it acts as an excellent fertilising 
material and increases the yield of the rice crop. So greatly is 
this liquid — called ' seet ' —esteemed that much of the fertility of 
the rice fields in such tracts is attributed to it. 

Cultivation. — The soil for indigo is well prepared by 
repeated ploughings and is later worked with the bladed harrows 
or toothed cultivators. Weeds and stubble are gathered and 
burnt and the field is then harrowed. Indigo seeds are usually 
prepared for sowing by mixing them with coarse sand and 
pounding the mixture lightly in a mortar with a wooden pestle. 
The hard seed coat is by this process very much abraded. If 
sown without this treatment the germination is exceedingly slow 
and uncertain. Prepared seed is sown broadcast at the rate of 
about 10 or 12 lb. per acre on the rice fields and is harrowed in 
and the field is then irrigated, On dry land after the fie'd is 
prepared in the above manner, the seeds are sown generally in 
drills about 18 inches apart, alternating with two or three rows of 
jola or 'sajje' at distances of about six feet. The sowing on the dry 
lands is from July to September and that for the irrigated crop is 
from December to February. The crop is weeded or intercultivated 
about three weeks after it comes up. The plants begin to flower 
in about 2|- months after sowing. At the flowering time or even 
a little earlier when the crop has attained a good leaf growth, the 
plants are cut for preparing the dye. Every two months or six 
weeks after the first cutting a second or third cut can be taken. 
Nof more than two such ratooncuts can be taken in practice either 
because the field has to be freed for the next crop or, in the case 
of a dry crop, the season is finished. The cutting is made four 
inches above the level of the ground leaving enough stubble to 
grow for the second cutting. These cuttings consisting of the 
leaves and branches with al] the leaves intact are taken 
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immediately to the steeping vats for the extraction of ' the 
dye. 

Preparing the Di/e.—1he method of extracting the dye 
consists of several processes, viz., 1. Steeping the leaves and 
branches in water under a certain amount of pressure so as to 
dissolve out the products which later on yield the solid dye, as 
the result of sufficient aeration. 2. Drawing out this water from 
the steeping vats, free from the bundles of the cuttings, and 
stirring it vigourously so as to aerate or oxidise it and make the 
dye separate out, in solid granules and settle to the bottom as a 
slimy deposit. 3. Separating this sediment or deposit from the 
spent liquor or 'seet,' boiling or heating it to induce further 
granulation and then filtering out the liquid through cloth. 
4. Moulding the dye in small blocks and drying them slowly. 

These various processes are carried out in practice somewhat 
as described below : — The indigo vats or cisterns and the boiling 
house are constructed very near to a well or water source, where 
ample water may be easily available. All vats or cisterns are 
good masonry structures with a hard watertight well-cemented 
floor and sides. An ordinary unit of vats or cisterns consists 
of (1) a 'steeping' vat, which is an open rectangular masonary 
cistern generally 25 feet long, 20 feet broad and 4 feet deep. 
This is usually divided into two cisterns by a dividing wall. 
Over the partition wall and over the part of the lengthwise walls 
runs a channel for leading water into tbe cistern from a 
well or overhead tank; (2) at a lower level, that is, two feet 
below the bottom of these cisterns is another similar cistern, 
somewhat smaller, about 25 feet long by 15 feet broad. This is 
called the 'beating' vat. Holes are provided at the bottom of the 
steeping vats, through which the steep can be drawn into the 
'beating' vat below. Likewise holes are provided in the 'beating' 
vat also for drawing out the spent liquor after the dye has settled 
down to the bottom ; these holes are made at two levels, for 
convenience in drawing out the liquor as it clears ; (3) lower 
down and situated usually inside the boiling house is another 
masonry or wooden tub into which the slimy sediment can be 
transferred ; (4) inside the boiling house are («■) acopper boiling 
vessel, cylindrical in shape and about five feet deep and three feet 
in diameter, fixed over a fire, (b) straining arrangements for 
removing tbe water completely from the sediment and (e) a press 
for moulding the dye into small blocks. Variations are also seen 
both in the shape and in the size of the steeping vats. Thus in 
parts of the Northern Circars these vats are circular in shape. 
Rectangular vats are also made smaller than the size mentioned 
above and measuring 15' x 12' x 8-|-'. 

Extraction of the Dye. — For the extraction of the dye, .the 
cuttings are brought in bundles to the steeping vat and arranged 
inside, so as to fill the cisterns up to three feet from the bottom ; 
the bundles are pressed down by means of poles and wooden logs 
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which are placed over tht-ni and kept in palce by grooves cut in 
the walls, la the smaller vats, large stones are used for weight- 
ing down the bundles. Water is now let into the vats until the 
bundles are fully covered and the water stauds at least six inches 
above the layer of cuttings. The steeping is allowed to go on 
for about twelve hours, the vats being filled in the evening and 
the steeping stopped in the morning. After the steeping is over 
the water is drawn into the lower or beating vat ; the bundles 
are taken out and the steepiDg vat is well cleaned and got ready 
for another charge. After the steep is drawn into the beating- 
vat, the liquid is vigorously agitated in order to induce aeration 
or oxidation. "For this purpose two sets of three or four men 
stand in the cistern opposite to each other in two rows and by 
means of wooden oars or paddles beat the liquor towards each 
other, ladling it also np and down frequently. If the liquid 
tends to froth up, a little castor oil is poured over the surface 
which keeps the frothing down. Under this strong agitation the 
liquid rapidly changes colour which intensifies as the process goes 
on, and fine grains of blue sediment also separate out. As soon 
as the liquid assumes a deep blue or purple colour, the beating is 
stopped and the grains of the dye are allowed to settle. To aid 
the granulation a little lime water is sometimes stirred in. The 
clear supernatent spent liquid is now drawn off in two stages, 
until the sediment is free from seat as far as possible; the sedi- 
ment is dow drawn into the small cistern or tub by squeegeeing 
and a little washing. The sedimeus is all transferred to the 
boiling vessel, to which further lots are added as they come in 
every day until the pot is almost full. It is then slowly heated, 
principally with the object of aiding the granulation and making 
the grains firm ; tbe heat is stopped when the dye assumes the 
characteristic deep purple colour which is desired in the product. 
The next process consists in pouring the charge over a blanket 
spread over a frame or resting on sand, a kind of primitive 
counterpart of a filter press. The excess of water now drains out 
or is absorbed by the sand. The soft mass of dye, now deprived 
as niUL-h as possible of the water mixed with it, is scraped 
and put under a special press, where it is moulded into little cubical 
blocks of about two inches in theeide. These cubes are then taken 
to a drying chamber, generally inside the dwelling house, where 
they are lightly covered over and dried in the shade slowly. 

Yield. — The produce cf an acre including tbe two cuts when 
grown as a dry crop is estimated to yield about 25 lbs. of the dye 
on the average. With irrigation and good manuring yields up to 
60 lbs. per acre are obtained. 

Chemistry of the -Dye, — Indigo as it comes into the market 
is of varying grades in respect of quality. The quality of the 
product depends upon the content of ' indigotin ' in the material. 
This may vary from as high as 90 per cent in the best samples 
to about 60 and 65 in good samples down to 20 per cent and even 
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lean in poof samples. The valuation is due us much to the 
methods of manufacture and the species of the plant cultiva- 
ted as to the wilful adulteration of the product with fine day 
(which is the commonest adulterant). 

The natural indigo contains along with ' indigotin ' a mixture 
of at least three kinds of indigo, called indigo blue, indigo red 
and indigo brown, and sometimes even traces of a yellow colour; 
this mixture gives natural indigo an advantage over the synthetic 
product which is pure ' indigotin.' The product as it exists in 
the plant is not the dye, indigo, but a glucoside called ' indican,' 
which is soluble in water and therefore is extracted by the steeping 
water and which on oxidation is converted into the dye 'indigo- 
tin.' The 'indican ' is contained in the leaves of the plant and 
good samples of the leaves will contain about 3| per cent of 
indican on the dry weight, 

Botany and Varieties. — The indigo plant belongs to the 
order LeguminoseeB, sub-order Papilionacese and is classed in 
the genus Indigofera. There are many species which are culti- 
vated in different countries although Indigofera tinctoria — the 
species grown in India — is the one which is grown largest. The 
other equally important dye-yielding species are the following: — 
I. Buiuatrann, Gaert.; I. arrecta Benth., also called Natal 
Indigo or Natal- Java indigo, which is largely cultivated in Java 
and yields the indigo classed commercially as Java indigo; I. 
anil; I. leptostachya D. C. also called Natal indigo; I. dis- 
perrna (or " Guatemala" indigu which also yields Java indigo;) 
in addition are also some unimportant species. 

The dye is also to be ha,d from other plants such as Tephrosia 
tinctoria, Polygonum tinctorium, Amorpha fructosa, Nerium 
tinctorium, etc. In recent years the species I Sumatrana, grown 
largely in Java, has been introduced into India as a superior 
variety yielding a large quantity of the dye. 

The I. tinctoria is a small much-branched shrub growing to 
a height of two to three feet with thin wiry stems and branches. 
The leaves are pinnate and are from one to three inches in length 
while the leaflets are about one inch in length and \ inch broad 
and oblong or oblo-lunceolate. The inflorescence is a raceme 
about four inches in length. The flowers are very small about 
i inch in length and light pink in colour; the calyx teeth 
triangular, acute and the standard pubescent on the back. The 
pods are \\ inches long and thickened on the suture. 

Pests and Diseases. — The indigo plant is not subject to any 
serious pests. Leaf eating caterpillars of different kinds of moths 
are occasionally seen and a red and white spotted weevil (Alcides 
bubo, P.,) is also found sometimes breeding in the tender shoots, 
but neither does much damage. A pest of some importance 
which i i specific to the indigo crop is a small light brown jump- 
ing bug (Arytaina punctipennis, Or.) . The bugs attack the tender 
growing shoots on which they settle in hundreds and suck the 
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aap ; the leaves shrivel up and form twisted knots at the end of 
the stem ; the shoot eventually dries up. The damage is not 
generally severe and can at any rate be controlled by pruning 
away the affected shoots and by spraying with contact poisons. 

The indigo plant has been found to be a host plant to the 
" bacillus solanacearum " attacking potatoes, brinjals, tobacco, 
etc. The plants are also subject to a kind of ' wilt ' which has 
been attributed variously to a deficiency of phosphates in the 
soil/and to a lack of aeration round the roots. 

Acreage and production, — The total area in recent years has 
been very small, and for the whole of India ha - * varied between 
about 38,000 and 60,000 acres. The major areas grew (1937-38) 
the following acreages ;— Bihar— 1,400; Madras— 23,200 ; 
Punjab— 11,300 ; the United Provinces - 2,600. 

The total annual production has likewise varied from 
6,600 cwts. to 11,000 cwts. of the dye. 



II ANNATTO (Bixa orellana) 

Vernacular name foe ANNATTO : Kannada— Rangamale. 

A plant cultivated to a small extent in Mysore for the sake 
of the dye which it yields is the annatto or ' rangmale.' Like 
many other natural dye-stuffs, it has lost its importance after the 
advent of the coal tar dyes but is nevertheless grown here and 
there to a small extent, as a demand arises for it occasionally. 
The annatto has been a dye of considerable commercial import- 
ance in the past and was being cultivated in many parts of the 
world on a fairly large, scale. Even now the dye is a well recog- 
nised commercial product and is in demand for some special 
purposes, such as the colouring of butter and other edible 
products ; the plant therefore continues to be cultivated, though 
ou a very small scale. The annatto plant is a perennial shrub 
which grows into a small sized tree as it becomes older and 
therefore belongs to the class of permanent crops. The chief 
countries where it is cultivated arc- French Guiana and the 
warmer parts of South America, the West Indies, West Africa, 
the East Indian Archipelago, besides many parts of India itself. 
In Mysore it is grown in small patches of a few bushes in many 
gardens and round about the quarters of the labourers and others 
on coffee estates, where it may often be seen growing wild. The 
only place in Mysore where it is grown on a Held scale is around 
Glosepet, Bangalore District, where it is grown as a semi-irrigated 
crop in fields and gardens on the banks of the Arkavati river. 

The soils on which the plants Lhrive are the lighter types 
of loams and the red loams somewhat inclined to be clayey but 
which are well situated for drainage, The fields for raising the 
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crop are given a rough ploughing in the early rains of April and 
left to weather in a cloddy condition throughout the hot weather. 
With the rains of June and July the land is ploughed again and 
then shallow pits are dug in the ploughed field about' 9 inches 
deep and one foot in diameter, at distances of six feet from each 
other both ways. The pits are filled with the well-weathered soil 
from the ploughed field and is also manured with a little cattle 
manure. In the middle of the month of July or early in August 
seeds of annatto are sown in these holes at the rate of three or 
four in each. In the alternative, nurseries may be raised in the 
early part of the year and seedlings maybe transplanted. It 
will be found that with the six feet spacing, the plants become 
too crowded in three or four years. It is nevertheless allowed 
to grow in this way, with the bushes in close contact with each 
other, but later on at least, it will be quite necessary to thin and 
open out the growth by cutting away every alternate plant. The 
growth is however so vigorous that the plants branch out profuse- 
ly and become very bushy. The field is kept cultivated with 
ploughs or harrows to remove weeds, as long as it is possible to 
work these implements. After the rains stop and in the follow- 
ing hot weather the field should be irrigated whenever the 
plants appear to droop, or the pits should be hand watered. In 
the second year after planting the plants begin to flower about 
the months of August and September and a small crop can be 
picked from December onwards. The plants continue to flower 
for about three months and the harvesting of the pods likewise 
goes on continuously till about the month of May. lu fact 
flowers, young pods and mature ones may all be seen at the same 
time on the bushes. The plants make rapid and extensive 
growth and the crop goes on increasing year to year. It is left 
on the ground for seven or eight years and then cut and removed. 
If desired, the plants can be retained longer ; they grow up 
into moderate sized trees about twelve feet high with an ever- 
green shady canopy-like crown and a stem some five or six inches 
in diameter. 

The harvesting consists in the gathering of the pods when 
they are ripe and are beginning to split and when, as a matter of 
fact, many have already split on the bushes. Each day's picking 
is spread out on cle.m. mats to dry in the sun and is allowed to 
dry until all the pods split and are quite dry. The splitting is 
also hastened by beating the seeds out of the pods. The empty- 
pods or shells are then raked off and removed and the seeds are 
carefully gathered. The seeds are generally marketed as such 
and no dye is made by these small growers. Where however 
the crop is grown on a large scale the dye is made by the growers 
themselves and sent out for sale. The yield is about 7 to 10 
cwts. of seeds per acre. Annatto seeds from Mysore are sent out 
usually to the dying and weaving centres like Adoni, Raichurand 
other places outside Mysore. 
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The dye itself is contained in the outer coat or layer on the 
seed, which consists of a tough fii mly adhering pulp of the col- 
ouring matter and which adheres to the hands like a fine dust 
and stains them red or yellowish red, when the seeds are being 
handled. For preparing the dye, the seeds are soaked in hot water 
to loosen the layer of the dye, are lightly pounded to free them 
completely so that the dye comes off from the seed. The thick 
liquid with the dye in itis now poured off from the spent seeds and 
is allowed to stand so that the dye may settle to the bottom. When 
all the dye has settled, the liquid is decanted away or strained 
through cloth. The sediment which is the commercial dye is 
brought on to shallow trays and dried in the sun. 



SECTION XL 
SPECIAL PRODUCTS 

I. MULBERRY (Morus alba) AND SILK 

Vebnaculab names foe MULBBBEY:— Zawwaia-HiPNERLE; 

Tamil- Musukatte; TeJugzt-RESHME chattu; 

HindustaniS'SAivs?. 

The cultivation of the mulberry plant is undertaken for the 
sake of its leaves, which are required for the feeding of the silk- 
worm. The cultivation forms au integral part of the sericultural 
industry and may, indeed be said to be the most important and 
fundamental part of it. The cultivation is therefore taken up 
only in countries and tracts where the rearing of the silkworm is 
carried on. The crop is thus of practical importance only 
as part of sericulture and, in tracts where on account of the 
climatic conditions the silkworm cannot thrive, the usual factors 
favourable or otherwise for the cultivation of the mulberry 
cease to have any importance. The main silk- producing or 
sericultural countries of the world are, Japan including Korea, the 
Chinese Empire, Asia Minor, Persia, India, Italy and Southern 
France. In India, the industry is confined to the State of 
Kashmir, parts of Bengal, the southern and eastern districts of 
the Mysore ritate and the adjoining taluk of Kollegal in 
Coimbatore. It is therefore only in these parts of the world 
that the mulberry is cultivated. There is no doubt that the 
plant can grow and flourish in marry other part? of the world 
but this aspect of its cultivation has no practical importance. 
It may however be stated that a cold or sub-tropical climate is 
required for the crop and, if attempted in the tropics, only the 
cooler tracts with an average temperature not exceeding 80° 
will have to be selected. 

The mulberry plant may be regarded as native to the 
Himalayas, on the foothills of which extending from Kashmir to 
Assnm and up to an elevation of about 6,000 feet it occurs wild 
and grows with great luxuriance. In these tracts it also occurs 
in many diverse forms or varieties, the habit of growth varying 
from a dwarf bush to a large well-grown tree. The tree form 
grows extensively in Kashmir where even the cultivated form is 
the tree mulberry. Under cultivation, the mulberry is grown in 
one of three forms viz., as a bush, as a, tree or as an intermediate 
form which may be called high bush. It is propagated from 
seeds or from cuttings or by means of grafting and budding. 
It is grown either as a purely rainfed crop or under irrigation 
like a garden crop. When once the crop is planted it is allowed 
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to occupy the ground for several years, usually up to 15 years. 
Grown as a tree however it is practically a permanent crop and 
is kept on almost indefinitely. In whatever form it may be 
grown, whether as a tree or a bush or a high bush, the crop is 
subjected to regular and periodical pruning, in addition to the 
stripping of the leaves, and different systems are adopted 
depending upon the variety of the silkworm reared and the 
peculiarities of local customs. 

Soils. — The mulberry can he grown on a variety of soils. 
Fertile deep red loams, well drained garden loams, black clayey 
loams such as are found under tank irrigation, fertile tank bed 
soils and the black cotton soils, are all put under mulberry. Very 
light sandy loams or sandy soils and those with a large admixture 
of coarse gravel or stones and soils with little depth are not 
suitable. . When grown under irrigation, adequate drainage 
should be provided, as otherwise the crop suffers in growth and is 
also subject to disease. In many situations under tank irrigation, 
where mulberry is grown, drainage is lacking and much improve- 
ment can be brought about by providing suitable drainage, On 
the fertile clay loams under irrigation and on the black cotton 
soils under rainfed cultivation, the growth is generally luxuriant. 
In Mysore, the general type of mulberry soils is the ordinary 
predominant red loam; the nest in order come the clay loams 
under garden cultivation and under tank irrigation ; and next 
again come the black cotton soils. The last type is mostly 
confined to parts of the Mysore district, and on these the crop is 
raised as a rainfed crop. The first or red loam type, especially 
in the Kolar and Bangalore districts, is somewhat stiff and hard 
to work and often contains a considerable admixture of small 
lateritic pebbles. They require to be dug and frequently manured 
with heavy organic manures to keep them sufficiently mellow for 
the roots of the crop. As a matter of fact, a favourite form of 
organic manure in these tracts is wool waste purchased from the 
woollen mills in Bangalore and carted long distances to the 
villages in these tracts. 

Planting. — The preparation of the soil for mulberry is very 
thorough, whether it is to be raised as a dry crop or as an irrigated 
crop. The ground is generally dug to a depth of one foot soon 
after tbeN.E. monsoon rains are over and the clods are allowed to 
weather through the hot weather following. If the area to be 
planted is large as in the case of rainfed cultivation, then the 
ground is ploughed several times instead of being dug, although 
even in dry cultivation, if the area is small, the ground is dug. 
It is essential that the conditions should be made favourable for 
the deep rooting of the plants. The clods are broken, the old 
roots, stones, gravel, etc., are removed and the soil brought to a 
clean well tilled condition, Cattle, manure is now applied at the 
rate of 25 cart-loads per acre and ploughed in. Similarly, sand, 
red earth and task soil or silt are also carted and mixed with 
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the ploughed soil, according as one or other may be required and 
may be available. 

The planting of the mulberry consists in the putting in of 
cuttings, usually. It is according to one of two methods viz., 
the pit system and the furrow system. The furrow system is 
adopted usually under irrigated cultivation and the pit system 
in the case of both irrigated and dry cultivation. In the latter 
case, however, the pit system is always adopted, When the 
planting is to be in the furrow system, large furrows are made 
in the prepared field about nine inches apart; water is Jet into 
these furrows and the soil well moistened and then the cuttings are 
stuck into the soft mud in pairs at distances of four inches between 
one set of two cuttings and another, The cuttings are usually 
about 10 or 12 inches in length and are planted in such a way 
that about 9 inches of the length containing two buds is showing 
above ground. The planting is usually made in the months of 
April and May which is the time when bushes in the older fields 
are given the annual pruning and are cut down to the level of the 
ground for starting new growth and when therefore branches are 
available in plenty for being cut and planted. Planting in these 
months which are generally rainless is possible only in the case 
of irrigated crops, as water for irrigation in sufficient quantities is 
necessary both for planting and for the frequent irrigations 
required in the early stages of the growth till the plants are well 
established. In this system the planting is very close and an acre 
will requite between 70,000 and 80,000 cuttings. This makes 
it rather expensive. 

Where irrigation water is not plentiful or is expensive, as 
in the case where water has to be lifted from wells, river channels 
or running streams, the furrow system gives place to the pit 
system, which facilitates hand watering from pots, In this 
system, after the ground is well prepared, pits are made in the 
form of irrigation basins about one foot in diameter and nine inches 
in depth and at distances of \\ feet from each other, in the rows 
which are themselves made 2| feet apart; the pits are thus 
2-.J- by \\ feet apart. The soil is first moistened by hand 
watering, and cuttings are planted at the rate of three in each 
pit. At this rate an acre will require between 30,000 and 
40,000 cuttings. 

In dry land cultivation it is almost the general rule to plant 
only in the pit system. These are made somewhat farther 
apart than in irrigated cultivation and are usually about 2J- by 
2£ feet apart; this distance makes it convenient for the use of 
the plough or bladed harrow in cultivating the field between the 
rows both along the length and across. The season for planting 
in this case is about July, when the 8. W. monsoon has quite 
set in and the ground is moist enough for planting. 4s rains 
occur at frequent intervals from this time onwards, the young 
crop has a good chance of becoming well established. 
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In irrigated cultivation whether in the pit or the furrow 
system, the field is laid out with suitable cross bunda into 
convenient beds for irrig'aton. The cuttings begin to root 
quickly and the growth of branches from the eye-buds is also 
quick, With ordinary cultivation and regular irrigation the 
bushes attain a height of some 2£ feet within the first six weeks. 
The apace between the rows and within the pits i3 well hand 
weeded, or in the case of dry land mulberry, iutercultunng harrows 
■are used to work in the interspaces both lengthwise and crosswise 
and close to the rows. In ten weeks the bushes attain a height 
of 3J to & feet in the case of irrigated cultivation and the leaves 
are now ready for the first picking. In the case of the raiafed 
crop, the growth is slower and the first picking may not begin 
until some four months are over, the earliest may perhaps be 
about twelve weeks. 

Piohi?ig the Leaves. — The gathering of the leaves is in two 
ways. In one method, which is very prevalent in the Kolar and 
parts of the . Bangalore districts, the bush is cut close to the 
ground, so that the leaves are gathered with the branches, i.e., 
both twigs ami leaves. These are taken home and the leaves 
are stripped and fed to the worms. After every such cutting 
down, die field is either ploughed or more generally dug 
between the rows and then irrigated. The bushes burst out 
into branches and leaves very quickly and within six weeks 
growth is sufficient to permit of a second picking of leaves in 
the same manner, that is, by cutting down the branches. 
Some five crops of leaves are taken in this manner during 
the year and between every two crops the field is given 
cultivation by digging. It is usual in these tracts to apply wool 
waste as manure about the middle of the .season at the rate of 
two cart-loads per acre. 

In a second method of gathering leaves, only the leaves are 
removed and the bare branches remain on the bushes and grow 
and branch out to give eventually a second crop of leaves. The 
bushes are stripped again and again in this manner and in irri- 
gated cultivation about ten such pickings may be gathered, while 
iu rainftd cultivation some six or seven. Sometimes picking 
may not be so selective and the year's growth may be gathered 
in five pickings. In this method of gathering the leaves alone, 
at the end of the second year the bushes are pruned or cut 
down to the level, of the ground and thereafter this operation is 
repeated at the end of every year, so that the bushes are primed 
only once in the year as against the five or six times in the first 
method. This method is common only in the row planting 
system of cultivation. Each method has its advantages and 
disadvantages but the force of custom plays a great part in favour 
of one or the other. The row system is more expensive in res- 
pect of the number of cuttings required per acre, it gives leaves 
which are somewhat thin, tender and papery and the plants are 
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too crowded without adequate aeration among the bushes. On 
the other hand, the pit system is more expensive in respect of 
weeding, as the garden h>>s to be given diggings and hand weed- 
ings ; it is also more costly in picking, as the branches have to be 
stripped, whereas in the row system whole branches are cut 
down. In the row system the leaves can be kept for some tijiu- 
as they are on the branches whereas the leaves from the pit 
system become wilted and flaccid very soon as they aifs 
detached from the branches and loose. In the row system 
there is also some wastage of leaves as mud and dust are 
splashed on to the lower leaves which have to be rejected 
on that account. The row system is favoured very much 
by Muslim cultivators as it permits of more in-door work in 
which the women who are gosha can take a greater part ; other- 
wise paid labour will have to be employed for gathering the 
leaves by stripping in the field. 

In gathering leaves for feeding to the worms, consideration 
should be given as to the best time for gathering and the best 
method of gathering. The leaves continue to assimilate and 
build up products within them as the result of photosynthesis as 
the day progresses, and it has been found that they contain the 
maximum quantity of carbohydrates about 2 P.M. and that this 
maximum is maintained till about 5 p.m., after which it 
diminishes very considerably and reaches a minimum about 
5 a.m. The best time for plucking will therefore be the evening, 
when the. leaves contain their maximum carbohydrates and ara 
therefore of the highest feeding value. The manner of gather- 
ing the leaves is also of importance. As already stated, leaves may 
be gathered by (1) the removal of whole branches or the shoots only 
and ('-0 picking the leaves only. When whole branches or shoots 
are removed, there is firstly no selective gathering, so as to suit 
the quality or age of the leaf to the age of the worms and secondly, 
great injury results to the bush itself in which the branches and 
leaves become progressively small and tender, a condition which 
leads to poor quality of cocoons. The only advantage is a saving 
in labour. The best method is therefore to pluck only the 
leaves. From the point of view of the health of the bushes, it 
will be advisable further to gather only the blades of the leaves 
in preference to removing them together with the stalk either 
whole or in part, The stalks are only wasted in the feeding 
trays but if left on the bush add to its strength, Once the leaves 
are gathered with so much care, it will be necessary to see that 
they do not lose quality by being badly stored. Heating, 
fermentation a-nd undue driage are to be guarded against and 
this can be best effected in practice by keeping the leaves in 
small loose heaps of not more than 1^ feet in height and by 
seeing that the room is kept quite cool. If necessary, a piece of 
cloth or gunny bag which is always kept moist may be hung 
nearby in the room. 
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Manuring, — The mulberry crop is usually well manured. 
The application of the manure is at the beginning of the crop 
season, after the field has been dug and the Bushes pruned. As 
already stated, in some districts a further manuring is given in 
the middle of the season. The manures in general use are cattle 
manure including the manure of sheep and goats, hauk silt, wool 
waste and silkworm litter from the rearing house. The last is 
not separately used but is thrown on the manure heap, where it 
mixes with the cattle manure and rots well before it is carted to 
the field with the cattle manure. The quantity of cattle manure 
used is 40 cart-loads per acre, if nothing is used in addition ; 
otherwise 20 cart-loads are used and supplemented with 50 to 
100 cart-loads of tank silt. Where wool waste is used in addition, 
this is at the rate of two cart-loads per acre. 

Experiments on the manurial requirements of mulberry 
conducted in Mysore indicate in a broad way that the crop res- 
ponds best to nitrogenous manuring, both in respect of 
quantity and of quality of leaves. A mixture consisting of 275 lbs. 
of groundnut oilcake and 125 lbs of ammonium sulphate has 
been found to be a profitable dose to apply per acre, in irrigated 
cultivation. Comparisons were made of this mixture against 
other manures supplying the same quantity of nitrogen (oiz,, 50 
lbs. per acre) such as cattle manure, ammophos, green manure, 
'honge' oilcake and silkworm litter and it was found that the 
mixture gave about 15 per cent more leaves and of better 
quality than any of the others. The mixture should be'applied 
in two parts, one-half being given at the beginning of the season 
and the other half about the middle. 

Yield oj Leaves. — The yield of leaves from the bush mulberry 
in Mysore, whether the bushes are grown in the pit system or 
the furrow system, depends mostly on the supply of moisture in 
the soil and upon the manuring and general cultivation. There 
is not much difference as between one method and another. 
Yields may therefore be classified only as between rainfed and 
irrigated cultivation, Thus, in the Mysore State the following 
yields are obtained: — 

From rainfed crops : between 4,000 and 5,000 lbs. in some 
tracts and between 6,000 and 7,000 lbs, in some other tracts. 

From irrigated crops : (1) under tank irrigation, 7,000 to 
9,000 lbs., (2);under irrigation from shallow wells, 9,000 to 11,000 
lb., (3) irrigated from deep wells with abundant supplies, 10,000 
to 12,000 lbs. 

As mulberry leaves are of value only as food for silkworms, 
it will be useful to express the yield in terms of silkworm 
cocoons. According to Mysore experience with the multivoltine 
worms, the quantity of leaves required for producing a pound of 
cocoons varies from 12 to 17 lbs. of loose leaves. The yield of 
cocoons per year in these different kinds of cultivation varies 
from 300 to 900 lbs, per acre. 
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Tree Mulberry.— The system of, growing mulberry in the 
form of low bushes described above is almost the universal 
system in South India and in Bengal. In the State of Kashmir and 
in foreign countries the more general system is to grow it as 
trees. To a small extent this has been introduced into Mysore. 
The mulberry can grow into a tree some 40 feet in height but it 
is kept down by pollarding the branches within a manageable 
height of about 15 feet, the trunk itself being about 7 or 8 feet 
high and the canopy about the same height above. It is claimed 
in favour of the tree mulberry that the cost of maintaining is 
very much less, that more leaves are obtained, that the quality 
of the leaves is superior, that ground crops like ragi or ground- 
nuts can be grown in the plantation, and that the trees can be 
kept on permanently, irrespective of the price of silk and the 
paying nature of silkworm rearing. For raising tree mulberry, 
cuttings ai\> planted in the ordinary way as for bush mulberry 
and these are trained as standards, leaving only one erect 
straight branch and cutting off the side branches. Saplings 
raised in this manner are allowed to grow for one year and then are 
removed and transplanted in their permanent places to be grown 
as tree mulberry. These saplings can be raised in closely planted 
nurseries and a large number of suitable plants obtained for 
planting out. It is found however that plants raised in this way 
are much liable to be attacked by white ants and borers. A 
second and better plan is to raise seedlings from mulberry seeds 
and grow them into erect straight-stemmed plants and transplant 
them later on to grow into tree mulberry. The tree mulberry 
can be grown in many odd places like the margins of fields, the 
back yards of houses or any vacant ground available, or can be 
planted in separate fields and managed as a regular plantation. 
For this latter purpose, the plants are pat in at distances of 12 
feet from each other both ways. The plantations are not raised 
on irrigated garden land and cultivated intensively bat are planted 
only as a rainfed crop on dry land fields or waste land. The 
trees form a valuable supplemental source of leaves in the ordi- 
nary bush mulberry tracts, even though they may not be the 
main or only source, The trees begin to give a good supply of 
leaves only after five or six years of growth, when about 2,500 lbs. 
of leaf per acre can be obtained. 

Mulberry Seedlings. Seedlings raised in a nursery can be 
used not only for obtaining saplings for tree mulberry but for 
planting as bush mulberry as well. The method of raising a 
seedling nursery is as follows : —The mulberry plants flower and 
fruit twice a year, once in Febraury — March and a second time 
in July — August. Ripe berries are picked from large hardy 
bushes, the seeds are separated out, dried in the shade, and pre- 
served for about a month. Fresh seeds and those which have 
been kept for more than six months give low germination. 
The nursery bed is prepared in the usual way, and the seeds are 
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sown thiuly either in rows or broadcast. Before sowing, it is 
necessary to treat the seeds with, some camphor water, by shak- 
ing up a tola of camphor in a pint of a water and then soaking 
the seeds in it over night. This quantity of camphor water will 
be enough for six ounces of seed, A thin layer of fine earth and 
ashes is spread over the seeds after tbey are sown and the bed 
then kept regularly watered through the rose of a water- 
ing can, In nine to fourteen days, according to the season, the 
seeds sprout. The bed is now protected b t > some light shade, 
till the plants are about 3 inches high. The bed is now 
thinned out slightly and light cultivation and weeding are given. 
In about four months, the seedlings are two feet high and are 
ready to be transplanted. 

Budded Mulberry. — Seedlings are raised and used for 
growing as bush mulberry, for growing as tree mulberry, for 
furnishing cuttings which are then used an planting material for 
bush mulberry and lastly for use • as stock on which other 
varieties of mulberry can be budded. The " Shield " budding 
method has been found most successful, out of many methods tried. 
A system called ' high bush ' has been recommended in Bengal 
in which good varieties are budded on to seedling stock 
at a height of two or three feet and the resulting plant grown 
as a high bush, a form somewhat mid w»y between a tree form 
and a bush form. This makes the picking of leaves easier than 
in the tree mulberry, the leaves are cleaner and are better in 
quality than in bush mulberry and much heavier cocoons are 
obtained. These high bushes yield a full crop of leaves only 
from the sixth year onwards. The branches are pruned off 
completely once a year as in the case of bush mulberry and 
after every new growth the leaves are gathered by stripping. 

Botany and Varieties, — The mulberry plant belongs to the 
natural order a Urticeae, very extensive order to which the jack, 
the breadfruit and the numerous kinds of JPicus trees belong. The 
mulberry is classed as the genus ' morus,' but in view of the 
very characteristic differences between the many members of 
this order, it baa been distinguished as a separate ' family '. Tbe 
genus includes many species and varieties, some of which are 
large trees, others are low bushes and still others intermediate in 
form. 

The plants are peculiar in respect of tneit leaves which ex- 
hibit tbe property called ' heterophylly ' in which the leives are 
of very diffierent shapes even in one and the same plant. The 
general shape is cordate with a pointed tip; the margins are 
serrate and the leaf blade may be entire, .segmented variously, 
the two halves symmetrical or otherwise and also of various diffe- 
rent, sizes. The leaves are either dark green or light green in 
colour. They are single and alternate, and are attached by a long 
leaf stem. Ihe surface is smooth or rough with very short 
minute spines. The sap from the leaves is mote or less sticky. 
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The bark of the mature stem is either light brown or ashy grey 
or white according to variety. The flowers are generally 
unisexual, but bi-sexual flowers can also be met with. The 
plants are both monoecious and dioecious ; in some, the male 
flowers' predominate and in others the female flowers. Plants 
which have only male flowers ha\e mostly entire leaves, while, in 
the plants with female, flowers, the leaves are mostly lobed. The 
leaves in the. former are also more numerous. The flowers are 
inconspicuous and are borne oh the outside »of a common recep- 
tacle, which swells into the compound fruit and forms the berry. 
The fruit differs in shape, size and colour in the different varie- 
ties. The ovary is one-celled and one-seeded. The wood of the 
mulberry tree forms good timber and is : used for boat building, 
house buildng and furniture, and most of all, for making sports 
articles like bats and rackets. The bast fibre of one variety 
(Broussonetia papyrifera) is made use for making paper, The 
different varieties (which are sometimes distinguished as 'species') 
are mainly the following :— (1) Moras alba, which is one of the 
best varieties and is grown both in Europe and in India and 
which bears fruits which are creamy white or red in colour, 
(2) Morus indica (sometimes put down aB a variety under Moras 
alba) is one of the common Indian varieties and bears a red 
coloured fruit, (3) Morus nigra or black mulberry, largely 
grown in Europe, (4) Morus sinensis, grown largely in Italy, 
which has thin sappy leaves and is a hardy variety with long 
cylindrical yellowish fruits, (5) Morus philippinensis, (6) 
Morus leavigata, which grows into a tree and (7) Morus multicautae 
or the Japanese Baso. The information regarding the varietal 
characters of the mulberry is meagre and confusing, but the 
number of varieties and types seem very large, A recent \ collec- 
tion in the Bengal Sericnltural . Kesearch Station is said to 
contain 110 types and this collection is by no means complete. 

Pests and Diseases. — The mulberry is not subject to any 
serious insect pest. There am however some minor pests which 
attack the stem and others which attack the leaves. Among 
those attacking the stem the, worst is. probably the 'stem girdler ' 
beetle, Hthenias griesator P. This is a medium sized longicorm 
beetle which rings or girdles the stein, thereby killing all the 
growth above the injury. The early stages of the beetle are 
passed in the girdled portion in which the eggs are laid. The 
remedial measure consists in cutfciug off the affected branch; 
the beetle should also be locked for and destroyed when found. 
Borers are found damaging both hierns and, roots. The stem 
borers are found mostly at the junction of the branches with the 
main stem and the collection of trass at the spot gives indication 
of the attack. The borer tunnels, inside the sap-wood and 
causes the drying up of the branch. A simple, remedy consists 
in squirting a little kerosine oil into the hole, which has the 
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effect of driving out the borer to the entrance of the hole, where 
it drops down dead in a few moments. The tap root is attacked 
by another large borer grub which often kills bhe plant before 
its presence is detected. No remedies are known but the pest 
is of rare occurrence. 

The leaves are sometimes attacked by aphids, which not 
only deform and weaken the leaves but also make them unfit for 
the worms. The pest disappears with a good shower of rain. 
The only remedy is to strip off the leaves or if the attack is bad 
to prune the branches down. 

Bushes are sometimes attacked by 'mealy bugs', the effect of 
which is called ' Tukr a ' disease in Bengal. The bugs — Phena- 
coccus hirsutus, Green, — cause a crumpling of the leaves, suck 
the sap and weaken the hushes ; the damage is sometimes 
serious. It is stated that the ' tukra ' is not caused by the buss 
but that it is due to a deficiency of potash in the soil. An appli- 
cation of muriate of potash at the rate of 4 cwts. per acre has 
been found to keep down ' tukia ' completely. 

.Another disease prevalent in Bengal which is also suspected 
to be a deficiency disease leads to the production of a peculiar 
condition in the leaves in which they become poisonous to the 
silkworm. Such leaves develop rusty brown patches, produced 
by a fungus, the nature of which is not known. Heavy rain is 
believed to favour the disease. The diseased leaves show an 
abnormal deficiency of potash and a low protein and sugar 
content, which is probably the effect of the potash deficiency. 
The disease may be amenable to soil treatment, by manuring 
with potash manure, though this has not been established at all. 
There are no serious fungus diseases attacking bush mul- 
berry in Mysore. Occasionally spots of white mildew — Phyl- 
lactima corylea — are seen on the leaves, generally when the leaves 
are young, which necessitate the plucking and rejection of such 
leaves. The attacks are however never serious. The tree mul- 
berry on the other hand is subject to the attacks of some 
parasitic fungi, viz., ' Coryneum Mori' in Kashmir and ' Nectria 
cinnabarina ' in Europe. In the former disease, the leaves 
become small and few, the branches show blackened patches 
and later dry up. These fungi gain entrance into the trees 
through the wounds formed by the pruning and the breaking off 
of the branches, to which the trees are regularly subjected. 
Cracks due to frost and snow also form convenient channels of 
infection. Gutting out of diseased wood and the painting over of 
cut surfaces at pruning time with a disinfectant paint or wash 
are about the only ways by which the progress of the diseases, 
can be controlled. Prunings from diseased trees should be 
burnt and the pruned surfaces should be cut smooth and then 
painted over. 

Sometimes the leaves are attacked by a leaf -spot disease— 
Septo-gloeum mori, Lav.— in which spots appear on the young 
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leaves, develop into pustules like a rust disease, and cause the 
leaves to drop off. The affected leaves should be plucked and 
burnt, the bushes sprayed with Bordeaux mixture and leaves 
appearing thereafter alone be used for feeding to the worms. 

Composition of the Leaf. — The composition of the mulberry 
leaf varies considerably in the different varieties. Differences in 
the soil composition also bring about changes which are some- 
times very marked. The composition of three different varieties 
of leaf was found as below : — 

Analysis of leaves grown in the Narayanpur Eesearch 
Station (Bengal). 
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The 'Roso' leaves are very large and the variety isconsidered 
one of the best varieties in Japan. It will be seen, however, 
that its nutritive value is much less than in the Indian varieties. 
In respect of leaves collected from different centres, the variation 
in crude protein was from 16 to 39 (expressed as percentage in 
dry matter of leaves); the variation in soluble sugar was from 
7 - K to 26, ash from 8 to 17, lime from 07 to 27 and the iron 
(Fe 2 3 ) from "OS to- 0\12. (Taken from papers by M. N. Ray 
contributed to the First All-India Sericultnral Conference). 



Silkworm Bearing, 

The cultivation of mulberry is only fox the purpose of 
rearing the silkworm and has indeed no other importance. It 
is the silkworm cocoons and the reeled silk that form the 
marketable products which yield the money return to the culti- 
vator from his mulberry cultivation. The mulberry grower 
therefore carries on silkworm rearing as well, although a few 
rearers may depend upon purchased leaves. A brief account of 

33 
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the methods of rearing silkworms is, therefore, given below 
which will apply in the main to the conditions obtaining in 
Mysore. 

Classification and Life History of the Silkioorm . — 
The silkworm is a caterpillar belonging to the insect order, 
Lepidoptera. Caterpillars/ beougiug to two families in this 
order produce silk and maylbe called silkworms. These are — 

(1) the Botnbycidse, which include the mulberry silkworm and 

(2) the Satumidse, which include the 'tnsser' and the ' eri ' 
silkworms. The mulberry silkworms, Bornbycidse, are divi- 
ded into many groups, which differ mainly in the colour, size 
and silk content of their cocoons and partly in the details 
of their life history. The most important in the group are 
the B. mori, the silkworm of Europe, China, Japan, Kashmir 
and Western Asia, and the B. mori var. meridionalis, which 
is the silkworm of Mysore. The cocoons of the latter are 
smaller, and yield less silk; the silk is greenish yellow in 
colour and possesses an exceptionally fine gloss and brilliancy ;■ 
the cocoons of the former are larger in size, are white in colour 
and yield more silk. An important difference relates however 
to the life history. The B. mori passes through only one 
generation in the year; that is to say, after they complete one 
life cycle, the eggs which should hatch out and start a second 
generation do not do so, hut remain in hibernation for the rest 
of the year. The B. meridionalis on the other baud passes 
through seven or eight generations in the year ; the eggs hatch 
in less than ten days after they are laid and begin a new 
generation, and these go on successively. For this reason the 
former go by the name of TJnivoltine and the latter by the name 
of Poly-or Multivoltine race. 

The main features of the life history of the silkworm are 
very simple. The adult insects or moths, male and female, pair 
and the female then lays eggs, which are very small, cream 
coloured and rounded. Each female moth lays as many as 250 
to 400 eggs; in a few days, about ten or twelve in the multivoltine 
races, the eggs hatch and tiny caterpillars, binall as little bits of 
hair, emerge; these feed on the mulberry leaves which are given 
to them in a finely chopped condition and grow in size from day 
to day. As they continue growing they pass through four 
periods of 'moulting' or change of skin and in the course of about 
a month become fully grown. These full-grown worms which 
are now about 2 to 8 inches in length begin to spin cocoons and 
pupate. In another ten days the chrysalis or papa inside the 
cocoon develops into a moth and emerges out of the cocoon after 
cutting a hnle through it for the purpose. The moths which 
thus emerge are both male and female ; they pair oft soon after 
emergence and the female then lays eggs, thus completing a life 
cycle. For obtaining the silk, the fresh cocoons from which the 
moths have not emerged and which therefore are entire and 
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intact or unpierced, are put into boiling water in order to free 
the silk fibre from the gummy matter, and the silk fibres of seven, 
eight 01* move cocoons are reeled off as one silk thread over a reel. 
Each cocoon is made up of one single fibre which measures about 
450 yards. The length may vary from '250 to as much as 800 
yards according to the race of the worm. After the silk is reeled 
off, the naked chrysalids, which of course are now all dead, float 
on the boiling water and are gathered as they accumulate and 1 ' 
thrown away. Considerable bits of silk fibre forming the rough 
outside of the cocoon also accumulate and are collected and 
preserved to be sold as silk waste. These being in outline the 
various stages by which silk is obtained, we shall now deal with 
each of them in a little more detail, drawing attention to such 
improvements as have been recommended. 

Disease-free Eggs. — It is of the greatest importance that the 
eggs which form the starting point of the rearing should be free 
from disease. The silkworm is subject to a serious disease called 
'pebrine', which is transmitted from brood to brood through the 
body cells of the mother moth. The eggs — also called seed, or 
'layings' — from a diseased moth therefore carry the disease, which 
is transmitted to the worm hatching out of such eggs ; these 
infected worms feed and grow until they are almost full-grown, 
when they perish in large numbers. The mortality, of the 
worms at this stage involves a serious loss, so much so, that at 
one time silkworm rearing itself had to be given up on that 
account. Fortunately, however, the disease is at the present 
time capable of almost perfect control. This consists in isolating 
each mother moth and the layings from it, crushing up the moth 
after the eggs are laid, and examining her body fluid under the 
microscope, Infection by pebrine can easily be detected in the 
corpuscles and if the disease is present then the layings from 
that particular moth are rejected and only layings from disease- 
free moths are used for seed purposes. The method of isolating 
a mother moth and her eggs consists in confining the tnoth 
within a small ring of tin (called a cellule) resembling a napkin- 
ring, placed over a sheet of paper; the moth Jays her eggs only 
within this ring, from where she is picked up for examination. 
Such disease-free seed is called 'cellular' seed. This work of 
producing disease-free seed requires special agency and speeial 
grainages or seed-production centres operate under proper control 
and supply disease-free seed. The pebrine disease is communi- 
cated not only through this hereditary channel but also by 
contact contamination. The rearing house and all articles used 
therein, not to mention the persons of the rearers, have therefore 
to be scrupulously clean and the rearing house itself disinfected 
every now and then. If such cellular certified seed cannot be 
had, then seed has to be obtained from tracts noted for good 
seed, from rearers of good repute, and preferably after an 
inspection of the rearing and of the cocoons, 
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From Egg to first Moult. — The eggs hatch in about ten days 
after they are laid ; but they do not all hatch on the same day 
and there is an interval of a day or two between one lot and 
another. As worms of differing ages require attention at different 
periods, it becomes difficult to manage a mixed lot. In practice 
if most of the eggs hatch in the first day and only a small percentage 
is left over, then these latter are simply rejected, the hatched 
worms alone being transferred to the feeding tray. If, however, 
only a small portion is hatched on the first day, then the second 
day's hatching is also taken up and another tray used, there 
being two lots to manage in this case. This latter practice is 
adopted by those who can cope with the extra work involved. It 
is also possible to reduce this difficulty by feeding and rearing the 
later hatchings with greater care and in a slightly warmer room ; 
by so doing these backward worms grow quicker and by the time 
of the third moult catch up with the older or first lot of worms, 
when both can be treated alike. Another method recommended 
for this purpose is to brush the eggs a day before they are due to 
hatch lightly over with a feather and repeat it at frequent 
intervals of three hours each; this process has the effect of 
hastening the hatching, so that a large percentage of the eggs 
hatch at the same time. The next day these worms are brushed 
into the feeding tray and the unhatcbed eggs are subjected to the 
same process, but more frequently ; these hatch quickly and will 
be fit to transfer to the feeding tray the same day and be added to 
the first lot, Quite 95 per cent can be hatched out in this way 
and the remaining 5 per cent is small enough to be rejected. 

The transferring of the newly batched worms to the feeding 
tray is done by gently brushing or sweeping them with a 
feather on to the tray. Another simple way is to sprinkle some 
very finely chopped leaves of mulberry over the hatching worms ; 
these crawl on to the leaves which can be brushed on to the 
trays with the tiny worms clinging to them. Once the worms 
have been transferred to the feeding or rearing tray either in one 
lot or in two lots, the next operation relates to their regular 
feeding and periodical cleaning. The feed at this stage consists 
of tender leaves, almost leaf shoots, chopped up very tine, the 
feeding is frequent, so that the chopped leaf is always fresh and 
does not dry. Some seven or eight times in 24 hours may be 
the number of feedings. A close and constant watch is kept, 
so that no feed is missed at the proper time. In two days the 
worms will require the first cleaning, and will have grown 
sufficiently as not to be damaged in the process. Gleaning 
consists in separating the worms from the litter or refuse made 
up of the excreta of the worms and the uneaten parts of the leaf. 
The best method of cleaning is the use of paddy husk and a net 
with small mesh ; the paddy husk, somewhat coarsely broken up, 
is sprinkled as a thin layer over the worms, the net is then 
.spread over it, and the feed sprinkled on the net. Two feedings 
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lire given in this way over the net. The worms have now all 
crawled up and through the net, on top of which and quite clear 
of their old bed they now lie. The net with all the worms on it is 
now lifted up and placed on a new tray. Two such cleanings 
will bo necessary during the first age or period, at the end of 
which the worms go into the first moult. At the later cleanings, 
the nets used are of a larger mesh suited to the increasing size of 
the worms. At the end of the first age the worms have developed 
in length and thickness, and may weigh about ten to fifteen 
times their weight on hatching. The first age takes about five 
days from batching, and the moulting period itself may last 
two days or two days and a half. During the moult the worms 
are quite inactive and do not feed. At the end of this moult the 
worms have shed their first skin and the second age may be said 
to begin. 

From the Second Moult to ' Ripening '. — In this second period 
also they are treated in the same way, the feed still consists of 
tender leaves chopped somewhat coarser, the feeding is regular 
and equally frequent. Three cleanings are given and the spacing 
is also increased by additional trays. This age lasts three days, 
after which the second moult begins. This is, however, very 
short and lasts about a day. After this moult the third age 
begins and this lasts about five days. Leaves somewhat more 
mature and chopped a little larger are now fed at about the same 
intervals, and four cleanings are also given. At the end of this 
age the worms will weigh about 300 to 400 times the original 
weight, with growth of size in proportion. Additional space is 
provided by increasing the number of trays. The worms moult 
again and enter into the fourth age ; fairly mature leaves cut up 
into halves are now fed, and the number of trays considerably 
increased to afford the additional space required. This age 
occupies about five days, after which the fourth and last moult 
takes place, which may last for about 36 hours. The worms are 
now some 1,500 to ii,000 times their original weight or five times 
their weight at the beginning of this age. After this final moult 
they enter their fifth age. This is the longest and may take 
eight days to complete. It is an advantage to prolong this 
period by one day or so, which can be done by lowering the 
temperature of the reaving room by about 4°. The largest' 
quantity of leaves is consumed at this period, which may amount 
to 75 per cent of the leaves consumed in a whole cycle. The 
worms are also large proportionately and additional traj s will 
have to be provided twice during the period. The litter has to 
be cleaned frequently, as a large quantity accumulates on 
account of the larger feed and the almost full-grown size of the 
worms. 

The extra spacing necessary at each age is provided at the 
cleaning time, when the worms are distributed over the additional 
trays required. At each one of the ages, such distribution takes 



518 FIELD CROPS OP INDIA 

place about three times. The approximate space usually provided 
may be judged from the folio wing : It' trays four feet in dia- 
meter are used, then 100 layings will require at the close of the 
fifth or last age about 15 to 20 trays, according to the rearing 
season. The number of trays at the end of each age will be 
1, 2, 4, 10 and 20 respectively, for the season of the best 
development. 

Mounting and Harvesting. — At the end of the last age, the 
worms are 'ripe ', they somewhat shrink in length, appear more 
rounded, and are- slightly yellowish in colour. They are now 
ready to 'harvest' and 'mount,' so as to enable them to build their 
coconns — which is the precious product of all this time and 
labour— in such a manner that the cocoons will have good weight 
and shape and be easy of picking or removal. 

For this purpose the ripe worms are removed one by one 
and are ' mounted ' or are put into the ' chandrike ' or spinning 
frame. The point which requires to be specially attended to is to 
see that every worm has the right amount of space, that 
no overcrowding takes place and that the walls of the 'chandrike' 
spiral are fairly close to each other. Much ventilation is also 
essential and this is provided for by keeping the ' chandrikes' 
nut in the open though not in the direct sun. The spinning is 
complete in a day, but it is necessary to remove the cococns 
only at the correct stage which, in the case of the Mysore worm, 
has been found to be the fourth or fifth day; too early removal 
gives stained and dirty cocoons and too lats removal reduces the 
weight and shortens the time for emergence. After the cocoons 
are removed from the frame and collected they are sent away 
for sale without delay. Cocoons vary very much in the 
outturn of reeled silk which they yield. The variation may 
range from an outturn of one of silk to ten of cocoons to 
an outturn of one of silk to fifteen of cocoons, in each case by 
weight. 

The Gross-bred Silkworm. — In Mysore a great deal of 
progress has been made in the rearing of what is known as 
' cross-bred ' worms. This type of worm is the progeny of the 
Onivoltine Japanese race crossed with the polyvoltine Mysore 
race. The cocoons from the cross-bred worms are larger and 
firmer and give a higher outturn of silk, and both silk and 
cocoons are white in colour, as distinguished from the greenish 
yellow of the Mysore worm. Furthermore, the duration of a 
crop is shorter by at least five days, perhaps even a week. 
These are substantial advantages, but against them has to be put 
the serious disadvantage, viz., the fact that these characters are 
all Mendelian 'dominants' and therefore the first cross alone 
gives a progeny consisting entirely of white cocoons of this type 
and that the progeny of the cross-bred worms between themselves 
do not breed true. Every effort has to be made therefore to see 
that only first generation crosses are bred and that none of the 
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cross-bred moths are used again for breeding. The G-overament- 
controlled grainages or seed supply agencies alone have therefore 
charge of this work and guarantee that all the precautions 
necessary for supplying first generation c fosses alone are supplied, 
certified as duly examined and found disease-free. One hundred 
disease-free layings of the cross-bred worms yield about 60 lb. of 
silk as against 50 or 55 lb. from the same number of layings of 
the Mysore local worm. 

Diseases of the silk-worm. — The silk-worm is subject to 
serions diseases, which cause great loss, if they are not controlled 
properly. These are, 1, Pebrine, to which reference has already 
been made, '2. Flacherie, 'd. Grasserie and i, Muscardine, 

Pebrine is caused by a protozoan parasite — Nosema 
bombycis — which infects the body fluid of the moth and also 
the eggs. The disease makes itself conspicuous in the worms 
at the third and fourth moults, whan the infected worms show 
irregular black spots on their body; they become inactive and 
gradually shrivel u;j and die. The most effective method of 
control is to prepare and use disease-free eggs in the manner 
already describpd, under 'cellular seed '. In an infected crop of 
worms the dead and dying worms have to be picked off and the 
healthy worms removed to another tray which has been 
disinfected ; this may result in saving a fair proportion of the 
crop. Flacheiie is a digestive trouble which proves fatal to tha 
worms. It is caused by unsatisfactory rearing conditions, and 
by feeding coarse, wet or fermented leaves. The worms either 
die off or become so weak that they yield only thin small cocoons 
inside which the chrysalis may die and stain the cocoons badly. 
Grasserie is also a fatal disease due to faulty assimilation. 
Affected worms either die or spin only a flimsy cocoon. The 
disease is probably due to a poor quality in the leaves and 
generally to insanitary rearing conditions. Muscardine is a 
fungus attack on the worms; the mycelium of the fungus enters 
into and ramifies in the body of the worm, which readily 
succumbs and dies. The body of the dead worm becomes very 
hard and tbis 1'eaturo is a characteristic sign. This is a highly 
infectious disease but in Mysore it is neither common nor 
serious. Thorough disinfection of the rearing house and 
appliances, strict attention to the quality and condition of the 
leaves that are fed, the provision of adequate space, ventilation, 
and suitable conditions of temperature, along with scrupulous 
cleanliness will all greatly mitigate both the incidence and 
the progress of these various diseases. As regards disinfec- 
tion, the most convenient material has been found to bo 
a 2 per cent solution of formalin ; this hag great penetrating 
effect and is also safe to use. Both room and all appliances, 
especially the trays used, have to be disinfected properly, while 
the latter should in addition be frequently put out in the snn to 
dry. 
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Other Sillt, — In addition to the silk produced by the niul- 
berry-eating silk-worm described so far, there are two other kinds 
of silk which deserve mention, although compared with the 
former these are of little importance. These silks are (1) Tusser 
silk and (2) Eri silk. The Tusser silk is produced by the silk- 
worms belonging to the family ' Antheria ', among the Saturni- 
che. These worms feed on the leaves of a large variety of 
trees and shrubs, such as, Tei-minalia toinentosa, Terminalia 
katapa, Michelia charopaka, the Oak tree, ' sal,' and so on. They 
are found both wild and are also reared. The cocoons are much 
larger and have a long peduncle. The silk is reeled off from the 
cocoons in the same way as the mulberry silk. 

The Eri silk-worm, Attacus ricini, B , belongs to a different 
class, viz., the Attacidse. 3nthe case of these worms, the moths 
are allowed to emerge before the cocoons are taken up for spinning. 
Thei-e is no boiling and killing of the chrysalids involved in the 
process ; and thecoconns used are all pierced cocoons, i.e., cocoons 
through which the moths have cub a hole and escaped. These 
cocoons have therefore to be spun and not reeled. The worms of 
this class feed on the leaves of the castor oil plant, and are reared 
in the same way as the mulberry silk-worm. The silk is 
coarse. 

Cheiiiical Go?nj>osition and Uses. — The silk fibre is the 
product of the silk glands within the body of the silk-worm, 
drawn out into a rme fibre by the spinarette situated at the 
mouth of the worm'. The silk fibre is remarkable for its length, 
which may extend to even 800 or 900 yards. For fineness, 
strength, smoothness, and lustre, it is unparalleled. Even the 
finest silk yarn is made up of at least six or seven fibres reeled 
together. Being of animal origin, the silk fibre has a high con- 
tent of protein matter, which amounts toabont 53 or 55 per cent. 
It also contains the gum ' siricin,' a material which Hie worm 
produces and uses to agglutinate together the two tine filaments 
of which every silk fibre, fine as it is, is made up. 

In addition to its important use as a textile fibre for the 
weaving of various fabrics, the silk fibre is largely used as insulat- 
ing material in electrical cables. Though its use for the manu- 
facture of various articles of wearing apparel is the largest and 
most important, silk cloth is finding enormous use during the 
present war, in the making of parachutes. 

Artificial Silk — Natural silk has been very successfully 
imitated by various kinds of artificially produced fibres. Though 
these cannot displace natui-al silk by any means, still the fact 
that fabrics can be made out of them , which resemble natural 
silk so closely that they cannot be ordinarily distinguished, 
combined with their comparative cheapness, has to some extent 
made artificial silk a serious competitor with Datura! silk. All 
the artificial silks made atthe present time are merely cellulose 
products; many kinds of vegetable fibres, including even cotton, 
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and wood pulp are used as the raw materials. Under the names 
of viscose silk, Ohardonnet silk, oc " coy an. " collectively, of 
acetate silk and copper or cupi'ctmmoniurn silk, artificial silk 
is now produced on a stupendous scale and its manufacture is 
still extending in many parts of the world. 

Bye-prodxtcts.—The bye-products of the silk-worm rearing 
industry are of some importance and many of them are. of 
considerable money value. The bye-products are 1. Bilk-worm 
pupae, 2. Pierced cocoons, 8. Double cocoons, 4. Heelers' waste. 
The silk-worm pupae are used in Japan for the extraction of an 
oil, which forms very good soap-making material. Being animal 
matter, they have a high nitrogen content and can be used there- 
fore also as a valuable manure. Dried and ground after 
extracting the oil, or merely pressed into briquettes, they should 
be capable of being easily transported for use as manure wherever 
required. The pierced cocoons, double cocoons and reeling 
wastes have much money value and are bought up for conversion 
into ' spun' silk. In this respect, by far the most important is 
reelers' waste. 

Production and trade. — As far as South India is concerned, 
the silk-worm rearing areas are situated in Mysore and Kollegal. 
The. area under mulberry cultivation in Mysore has been varying 
very much owing to the violent fluctuations in the price of silk 
but on the whole there has been a material increase in aerengcv 
In the year 1 940-1 1 the area was 38/180 acres, as against 25,1 32 
acres in 1936-37. 

In the Rfollegal tract the area in 1938-39 was 5,735 acres as 
against 15,387 acres in the year 1923-24. 

The total 'production of silk in India has been estimated at 
1,500,000 lb. which is nearly all used up in the country itself. 
There is an enormous import of silk of all kinds, both as yarn 
and as woven goods. The annual import of raw silk or yarn is 
about 2,000,000 lb. valued at Us. 6,200,000. The export of silk 
is negligible, being only about 20,000 lb. va'ued at about 
Bs. 100,000. 



II. PARA RUBBER— (Hevea braslllensts). 

The cultivation of the Para-mbber yielding tree— Hevea 
brasiliensis — in India is a remarkable instance cf the rapidity 
with which a crop entirely new to the country has been taken 
up for cultivation over large areas and has become established as 
an important and flourishing planting enterprise within a 
surprisingly brief period, The introduction of the Para-rubber 
plant into India dates back barely sixty years and the actual 
cultivation on any large scale can be said to be only some 
forty years old. And yet it has expanded so rapidly that the 
Indian production of rubber at the present time is estimated at 



522 FIELD CBOPa OF INDIA 

over 16,000 tons per year. It is also noteworthy that the 
cultivation is largely confined to South India, the southernmost 
corner of the Peninsula viz. Travancore, forming indeed the 
most important area. 

Sources of Rubber. — Eubber is obtained from the latex or 
milky fluid which is found in the tissues of various plants 
and which exudes when the plants are cut or bruised. 
There are many different trees other than the Hevea briiRilienais 
from which rubbe-r can be and indeed is obtained, although the 
latter forms the most important source and as a cultivated 
tree the main source of all the rubber of commerce, These 
rubber yielding plants comprise large trees, giant creepers, 
vines and low growing shrubs, and the latex can be derived 
from many parts of the plant, such as, the bark, roots, leaves, 
stems and even tubers and fruits. Among rubber yielding plants 
other than the Hevea may be mentioned the following : — 

1, Manihot glaziovii, or the " Oeara-rubber " tree. 

% Gastalloa elastics, yielding " Castalloa rubber''. 

3. Ficua elastica, or " Assam rubber ". 

-1. Mimusops globosa, or " Balata rubber '. 

5. Fenfcuma elastica. 

8. Bleekrodea tonkinensis. AU these six are large trees. 

7. Lnndolphia (Kirkii, Watsonii and other species), -which are 

giant creepers. 

8. Gryptostegia grandiflora, a bushy creeper, called the 

* Madagascar Rubber ' Plant. 

9. Parfchenium argentatum, the shrub which yields guayale 

rubber '. 

10. The tubers of Raphionacme utilis, 

11. The fruits of the Chinese plant, Bnconia illinoides. 

Many shrubs and annual weeds of the Euphorbiaceous order 
yield latex capable of conversion into rubber. In Soviet Enssia 
many shrubs among the Composite© order, besides the Parfche- 
nium, have been found to contain rubber-yielding latex. The 
Eussian dandelion " Kok-Saghyz " Taraxicum Spp. is now 
being cultivated extensively in that country for the sake of 
the rubber which is contained in their roots. So far, however, 
the Hevea rubber tree has been found the most suitable as an 
economic source of rubber, lending itself to large scale cultiva- 
tion, and yielding rubber of good quality, from about five years 
of age up to forty years or more. It has therefore been cultivated 
as the rubber tree par excellence throughout the rubber-growing 
parts of the globe. 

Distribution, — The home of the Para-rubber tree is con- 
sidered to be the primeval forests in Brazil lying on both sides of 
the lower reaches of the River Amazon and especially the 
province of Para therein, from which the plant derives its name. 
In this equatorial belt the tree grows wild and attains great 



SPECIAL PRODUCTS— PARA EUBBEH 523 

height and girth, forming part of the giant vegetation. Its 
introduction to the East, and especially to Ceylon, is a story of 
perilous adventure, but once established here its cultivation has 
spread far and wide into countries not only within the tropics 
but also in the sub-tropical zone. In many of these countries of 
its new home, the tree has been found to make as good growth as, 
if not better than, in its original home in Brazil, The Para-rubber 
tree is now cultivated extensively in South India, Ceylon, Burma, 
Malaya and the Straits Settlements, Borneo, Java, Sumatra and 
many South Sea Islands, "West Africa, Central America, 
Venezuela, Eqnador, Columbia and the West Indies. In India 
itself it is confined (.with the exception of small areas in North 
Eastern Assam) to the southern extremity of the Peninsula, 
Trayancore, Cochin, Coimbatore, the Nilgiris, Wynaad, Coorg 
and Mysore are the most important areas of cultivation. 

Altitude, climate. — In its original home the Para-rubber 
tree grows practically at sea level and at low elevations, in 
contrast with its cultivation in India, where it occupies mostly 
the hilly country lying on the slopes of the Western and to 
some extent of tbe Eastern G-hauts, and therefore situated at a 
comparatively high elevation. Very large areas are thus grown 
at altitudes ranging from 1,000 to 2,500 feet above sea-level, 
about 3,000 feet being about the maximum. Tbe tree can 
at the same time flourish in low flat situations, near river 
banks which periodically overflow, and nea'.' creeks along 
sea coasts. In regard to altitude therefore the tree is very 
adaptable. 

Bainfall and other climatic conditions are of greater 
iaiportance in the cultivation of the tree. The tracts where the 
tree flourishes are all areas of heavy rainfall, and in the best of 
them the rainfall is also well-distributed throughout the year, 
so that there is hardly a single month without any rain. An 
annual rainfall of about 60 inches may be said to the minimum, 
while a heavier rainfall of even 100 inches is not found harmful. 
Some of the rubber tracts of Ceylon indeed belong to the latter 
category. It would however appear that, even if the rainfall is 
very much less, if it is well distributed with rain every month of 
the year, the tree can flourish; the rubber tracts of West 
Africa, where the rainfall is only about 40 inches in the year 
seem to be an illustration. 

The tree also adapts itself to considerable variations in 
temperature. In its native home the temperatures are said to 
be very uniform. In Ceylon and South India however there is a 
large variation between the summer and cold weather tempera- 
tures, which may range fiom about 95° as a maximum down to 
60° as a minimum. A high annual rainfall of 60 to 70 inches, 
with as short a rainless period as possible, a high humidity and 
a mean temperature varying between 85° and 65° may be said to 
be the climatic requirements of the crop. 
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Soil.— The, rubber tree is grown on a variety of soils. In 
some countries the soils are fine alluvial deposits which are 
added to every year by the inundations of the creeks and rivers. 
Others are swampy soils with water very near to the surface of 
the. soil with a high organic matter content almost resembling 
peaty soils. Others again are rich forest soils in which the 
nitrogen content is markedly high. The bulk of the soils of 
South Indian plantations are reddish lateritic loams or clayey 
loams. They are on the whole poor except where they are 
covered by heavy forest growth and protected from erosion. In 
the latter situations they are fairly rich in nitrogen, but are poor 
in mineral constituents. All these soils require considerable 
immuring, especially in regard to the addition of organic matter, 
in the shape of green manuring aud cover crop vegetation. The 
high content of iron and alumina is also a characteristic of most 
of the rubber soils in South India. In texture they are mostly 
clayey loams. All soils are generally deep and well drained, 
but low situations with water very near to the surface are also 
planted with rubber, which is apparently quite in contrast with 
tea or coffee. 

Propagation.— ■The Para-rubber tree is propagated both by 
seed and also vegetatively by means of budding. 

(a) Propagation by seed. — The Para-rubber tree flowers 
and fruits profusely and produces a large quantity of seed. The 
fruit of the Hevea tree is: a three-lobed capsule about an inch in 
circumference and contains three small rounded seeds which 
have a smooth hard coat. The seeds are peculiar in that they 
do not retain their vitality for any length of time and have to 
be sown fresh for satisfactory germination, as soon as possible 
after they are gathered. Seed intended for sowing shoitld 
preferably be gathered from selected trees which habitually 
yield a large quantity of latex instead of from the mixed crop in 
a plantation, although of course there may be no certainty that 
the progeny will all be true to the parent tree in performance. 
Seeds are obtainable in large quantities during the months of 
September and October. 

The nursery is prepared in the usual way and the seeds are 
sown therein at distances of nine inches from each other in rows 
one foot apart. The nursery is protected against sun and rain 
by a temporary shelter about eight or ten feet high, made of 
light thatch lattice-fashion. The seeds sprout in about ten to 
twelve days. With due attention to regular watering and 
weeding the plants make very quick growth. In six months 
the plants attain a height of 3 to 4 feet and will be ready for 
transplanting. 

As an alternative, seedlings may be raised in seedling 
baskets, bamboo hollows or in nairow cylindrical earthenware 
pots, one seed or two being gown in each and the weaker 
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of the two seedlings being removed when two seeds are sown. 
Instead of raising seedlings in a nursery and transplanting out 
latex, it is also usual to sow the seeds in their permanent place 
in the estate itself ; two ov more seeds are planted in each hole 
and all but the. sturdiest seedlings are removed later on from 
each hole. 

(b) Propagation by budding. — Almost a revolution in 
rubber planting has come about as the result of propagating the 
plants by budding. One of the remarkable features of the 
rubber tree is the great difference in the out-turn of rubber 
between one tree and another. The difference may be so great 
that one tree may yield ten times or more of rubber than 
another under similar conditions. Trees of outstanding per- 
formance are selected after a study of their performance records 
of some years and are made use of as mother trees for 
furnishing " clones ", i.e. budwood for providing buds to be 
budded on to seedling rubber plants. The latter form the stock 
and the growth from the clonal bud forms the scion of the. 
new budded plant, ft is claimed that a definite correlation 
exists between the size of tlie vascular tubes in the young plant 
and its rubber yielding capacity later as a tree. This finding if 
really well established makes it possible to select clonal plants at 
a young stage, without having to wait for seven or eight years to 
judge thpir performance. Plantations of budded rubber plants 
yield two or three times an much rubber as plantations of seedling 
rubber trees. The system cf budding and planting of budded 
plants which originated about the year 1915 has now become 
very general and is rapidly displacing the older method. The 
budwood was derived in the first instance from certain high ' 
yielding parent trees in Sumatra and Java, and some of these 
' clones ' have become fnmous and are largely in demand. 

The following are some of the more famous ' clones ' : — 
1. AV.ROS, from Sumatra, 2. Bodjong Datar, (B.D.) from 
Java, B. The Tjr. (Tjirandji), from Java, 4. Djs. (Djasinga), also 
from Java, 5. P. B. (Prang Bf>sar), 6, Sabiang, 7. Eubana,- 
8. Glenshiel and several others from Malaya. About 10 per 
cent of the total area under rubber in India is now under budded 
plants. 

The technique of the budding is not different from ordinary 
shield budding of fruit and other trees. Budding is carried out 
either in the nursery where the seedlings are raised, on the seed- 
lings in the nursery itself or on the seedlings planted out in their 
permanent places in the estate. Nursery seedlings intended for 
budding are grown spaced about 18 inches each way. Seedlings 
are from one to one and a half years old when they. are used for 
budding. Budding is done when the plants are growing 
vigorously and not when they are wintering. Likewise budding 
is more successful when done in fair weather rather than during 
the rains. 
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Planting out. — The plants, either seedlings or budded, are 
planted out in the estate in pits about two or three feet 
deep and about two and a half or three feet square, filled with 
good jurgle soil. The distance between the pits varies a great 
deal according to the policy adopted. Thus, if many trees are to 
be removed after a few years of tapping, leaving the remainder 
as permanent ones, then the planting is close, i.e., 10' by 10', or 
12' or 12', or 15' by 15' ; if on the other hand the estate is to be 
planted with trees all of which are intended to be permanent, then 
a distance of 20' by 20' is adopted. Both in this case and 
ultimately in the former case the estate carries a population of 
a little over 100 trees per acre. The planting of a nurse crop 
or a cover crop for green manuring, either prior to or immediately 
after the planting of the rubber plants, is necessary and is usually 
done. The crops selected for this purpose are mainly Bogame- 
dalloa (I'ephrosia candida), Cow-peas, Centrocema pubescens, 
and Pueraria phaseoloides. These are sown between the rows 
and in the same and succeeding years are cut down and other- 
wise worked into the soil. Shade is seldom provided ; the rubber 
plants grow so quick and tall that the need for shade trees is 
not felt. 

The rubber plantation is therefore usually one purely of 
rubber except where other economic crops like tea or cocoa or 
coffee are interplanted, and the plantation worked as a mixed 
plantation. If the plants are more than six feet when they 
are transplanted they may be topped at a little over six feet so 
that when they are of tappable age a well-developed trunk with 
a large surface may be secured within a height of six feet. 
PT-w^Aiter the plants are well established and during every year 
the* plantation is given the usual cultural operations, via., weed- 
ing, digging and manuring and the cutting down of cover crops 
and mixing them with the soil. All possible care is also taken 
to prevent damage to the young rubber trees, especially against 
injury to the bark. Tho plants make very rapid growth both in 
height and girth, and this rapidity of growth is indeed remarka- 
ble, especially under favourable conditions. Under favourable 
conditions, good growth may be reckoned as about 5 to 6 feet of 
height per year during the first four years ; thirty-year old trees 
may attain a height of some 80 feet. Likewise an increase in 
girth of four Lo five inches per year may be expected and a 
thirty-year old tree has been found to have a girth of 12 feet in 
circumference. If rainfall conditions are not so favourable, then 
growth may be much less in comparison, nine years old trees 
being 24 to 46 feet. The trees do not branch low and the stems 
are clean and unbrauched for a great height. The crowns are 
carried high and buve a spread of 30 to 40 feet in diameter in 
well grown trees exceeding 20 years. 

Rubber responds well to manuring with nitrogenous manures 
which stimnlate both healthy growth and an increased yield of 
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rubber, The response to phosphoric acid and potash has not 
been found satisfactory. Green manuring with the various cover 
crops mentioned is a cheap form of nitrogenous manuring. But 
for realiy good results and for stimulating production, especially 
in old plantations, the application of sulphate of ammonia or 
sodium nitrate, the former at the rate of four ewts., and the latter 
at the rate of five cwts., per acre is recommended. 

Tapping for rubber.— The rubber tree haa to grow suffi- 
ciently large m girth, before it can have a good fcappable area of 
bark and yield a -remunerative supply of latex. Moreover the 
latex from young trees yields rubber which is low in put-turn 
and quality. For these reasons trees are not tapped before they 
are seven years old. It is usual to tap even at the age of four 
years, but this is done in estates which are planted very close and 
which are to be gradually. thinned out, and also when prices of 
rubber are high- of other economic considerations justify it. The 
tappable area is generally confined to a height of six feet from the 
ground, that ie, within the Teach of the tapping coolies. It is how- 
ever possible to tap the stem. to a much higher level. Heights 
up to even 20 feet are sometimes tapped, though very rarely, 
The six feet height is the most common, principally because it 
is the most convenient one in practice and also because the latex 
from higher parts of the stem is of inferior quality. The tapping 
operation is confined to the morning hours of the day. as the 
flow is more free during this part of the day. 

Tapping methods. — The tissue of the bark which bears the 
largest number of the latex-containing tubes or cells lies deep and 
very close to the cambium and runs up and down the stem. The 
cut or- incision into the bark has therefore to be across this length, 
more or less horizontally and close enough to the cambium to 
tap the largest number of these vessels and at the same sufficiently 
clear of the cambium as not to injure it. The cut is made by 
means of special tappiDg knives, which are adjusted to cut the 
proper depth . In order to facilitate the flow of the latex into 
the cup which is to receive it without its coagulating duriDg the 
flow the cut is made not quite horizontal but in a sloping or 
oblique direction either straight or in a slight curve or spiral 
oours-\ eMhex full or: half, along which the latex flows into the 
cup. The different methods- of tapping are distinguished as . 
follows: — 1. The " herring-bone " ^system, in which oblique 
cuts are made which 'alternate- with each other and open-on 
either side of the vertical cut or line, These oblique cuts 
may be (a) on both sides of the line or (6) on only one side. 
2. The spiral system in which two are distinguished, viz., {a) 
the full spiral and (b) the half spiral, which are self-explanatory. 
The half spiral itself may have the spiral cuts on only side of 
the. vertical line or on both sides, 3. theV cut system, in, which . 
two slanting incisions are made like the two arms of a V which 
nearly meet at the lower end, where the latex receiving cup 



528 FIELD CROPS. OF KDU 

is fitted. The half-spiral method is at present the one very 
generally adopted. Each clay's tapping consists in taking a thin 
shaving or paring off the top of the cut surface of the hark ; 
the latex quickly wells up, following almost the blade as it is 
moved along, and flows slowly down into the cup. Before 
beginning the tapping, the coagulated remains of the previous 
clay's latex are scraped or peeled off, these being collected as 
'scrap'. The layer pared off at each tapping is thin as piper 
and a month's tapping will remove only about one inch of the 
bark. 

Tapi)ing Inter oals. -—Tapping is done at intervals which 
vary iu different estates and according to circumstances, and a 
period of rest, short or long, alternates with a period of tapping. 
These periods miy consist of one or more days, a week or a month. 
Thus tapping may be done for a day or a few days, a week or a 
month and then be followed by a day, or days, a week or a 
month, respectively, of rest. Tapping is suspended when the 
trees are passing through a- leaf fall or wintering and is resumed 
when the vegetative growth begins and the sap begins to flow. 
Likewise during rainy weather also Upping is stopped. Making 
allowance for these stoppages there may be from 130 to 160 days 
of tapping in the year. 

All tapping implies a lessened vitality in the tree, a loss of 
bark tissue and liability to disease. The intensity of tapping 
should therefore be such as not to endanger the life of the tree. 
A very light tapping method is to divide the bark area into 
three vertical divisions or panels and tap one division each year 
successively ; each panel gets a rest of two years before it is 
tapped again. A very intensive tapping, amounting to 
" slaughter tapping " will be to tap daily or on alternate days, 
on the full spiral system, and if on the half spiral then tapping 
both panels, Usually the bark requires a rest of two to three 
years for satisfactory regeneration. 

Collection of the Latex. — The latex is collected in small 
collecting cups placed at the lower end of bhe cut into which it 
flows through a small spout, which is fixed into the bark just above 
the receiving cup. These cups are made of enamelware, tin or 
aluminium, or are sometimes only halves of cocoanut shells. They 
are of sufficient size to hold the day's flow and are fixed suitably to 
the stem. As the cups fill the contents are transferred to larger 
collecting vessels which are then taken to the factory. Sometimes 
a few drops of formalin are added to the latex in the cup to keep 
it from coagulating in the cap. A certain amount of latex 
coagulates and dries up in and about the cut and this is scraped 
together and brought in later on as scrap rubber, 

The latex is not always of the same quality and varies 
somewhat considerably in the out-turn of rubber. The variation 
may be due to the individual peculiarity of the tree, its age, and 
the time or season of tapping and so on. The variation may be so 
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great that the out-turn of rubber from a gallon of latex may 
range from 2| to 4 lb. 

The Preparation of Rubber from the latex.— The latex 
contains the rubber in the shape of fine globules intimately mixed 
like an emulsion with the water and the liquid and solid consti- 
tuents of the latex, very much like the fat globules in milk. 
The other solid constituents comprise proteins, sugars and salts. 
In order to prepare rubber the globules or particles of rubber 
in the latex have to be separated from the water and the solid 
constituents. The separation can be effected by simple coagula- 
tion or by centrifugal action. In ordinary estate practice it is 
the former method, viz., coagulation, which is adopted. The 
fresh latex when kept for some time coagulates into a tough 
homogenous white mass and this coagulated layer floats on 
the , top of the thin serum-like fluid, from which the coagulum 
has separated. This coagulum contains all the rubber, together 
with a part of the water, the proteins, and impurities. The 
coagulation can however be hastened and to some extent con- 
trolled, by the addition of a little acid to the fresh latex 
which is slightly alkaline with a pH. value of 6 to 7'2. The 
acid used is generally acetic acid, and a few drops of this are 
quite enough for a gallon of latex. In practice, a simple litmus 
paper test is advisable, so that the latex becomes only just acid 
or practically neutral. Many other chemicals and especially 
formic acid, can be used for coagulation, but in practice, acetic 
acid is found most convenient. 

The preparation of rubber on the estate is carried out in 
three stages, viz., (1) coagulation, (2) pressing, (3) drying and 
smoking. 

Coagulation. — The fresh latex is diluted with water (up to 
its own volume as a maximum) and strained through a hair sieve 
to remove bits of bark, fibre, particles of earth, etc. It is then 
poured into shallow trays, either circular or rectangular in shape. 
The former may be about 12 inches in diameter and lj inches 
deep, while the latter may be 9 inches by 18 inches and 1\ inches 
in depth. The latex is acidified or left to itself. The coagulation 
sets in at once and the layer of rubber may be ready to lift out of 
the trays within 24 hours. 

Pressing. — The next process is to wash the rubber in water, 
free of impurities as far as possible. The washed rubber (called 
''biscuit" or ' sheet' according as it set in a circular tray or a 
rectangular tray) is now passed through a pair of rollers some- 
what like a mangle; in this process much of the water together- 
with some of the dissolved impurities held in tbe' coagulum is 
squeezed out. The surface of the rollers is either smooth or is 
grooved zig-zag, straight or diamond pattern, and in the latter 
case the sheets have this pattern printed on their surface, as they 
come out of tbe press. 

34 
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3. Smoking and Drying. — The ' sheets ' and ' biscuits ' are 
then dried in a. drying room over smoke from a wood fire. 
Although the main object at this stage is only to dry the rubber 
thoroughly, the smoking is resorted to in order to prevent 
mouldiness and bacterial deterioration later on. The creosote in 
the smoke exerts this preventive action on the rubber. After 
the rubber is smoked it is dried in a free draught of air. The 
resulting product is the yellowish brown plantation rubber, 
either "biscuit" or "sheet," in which condition it is shipped to 
the manufacturers. 

Yield of Rubber.— Normally rubber trees are tapped when 
they are seven years old . The yield increases steadily until at 
the age of about 15 years the trees may be said to be at their 
best. As already mentioned trees may be tapped even from 
the age of four years, for various reasoos such as for thin- 
ning, or during high prices and so forth. A normal yield from 
seedling-raised trees may amount to about 300 lb. of rubber per 
acre in South India. The yield on estates where the fcrees are 
budded from selected clones is generally at least twice this 
quantity, often times very much more. From 700 to 800 lb. per 
acre may be considered a fair yield for such budded plantations. 
From other countries like Ceylon, Java, Malaya, and Sumatra, 
yields of even 1,500 lb. of rubber per acre of budded trees are 
reported. The variation in yield from tree to tree is very great 
in seedling rubber; it may range from 2 lb. to 20 lb. and 
specially good clones yield even 30 lb. This explains the low 
yield from promiscuously planted seedling plantations, and 
shows at the same time the possibilities of plantations of budded, 
trees budded from selected clones. 

Botany and Varieties- — The Para rubber tree {Hevea brasi- 
Jieusis) belongs to tho natural order Euphorbiaceae, an order 
which comprises many tropical trees, shrubs and herbs most of 
which contain a milky juice which exudes from the cut tissues. 
The genus, Hevea itself, embraces several species all of which 
yield rubber, though the 'brasiliensis' is the main source of all 
the para rubber of commerce. The tree has a long tap root and 
. massive side roots and grows to a great height. The stem is 
smooth and straight and is generally unbranched up to a good 
height above which it bears a much branched leafy canopy. 
The tree is diciduous but the leafless period is very short, 
lasting about a week or ten days and rarely two or three weeks. 
The leaves are trifid and borne at the end of a very long petiole, 
are bright green, long and lanceolate. The tree is monoeceous ; 
both male and female flowers are borne in fact upon the same 
iDfiorescence, which is a compound raceme. The female flowers 
are borne mostly at the terminal ends and the male flowers lower 
down. Both male and female flowers are bell-shaped and have a 
corolla of five yellow petals, and the female flowers have a green 
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button-like expansion or receptacle which is surmounted by a bhree- 
celled ovary, on top of which are three whitish iobes of stigmas. 
The male flower has all the filaments united into one, with two 
whorls of five yellowish anthers each. The fruit is a capsule, 
containing three seeds which have a hard shining coat, speckled 
brown. When the capsule is ripe it splits and sheds the seeds. 
The seeds are oleaginous and contain up to 35 per cent oil. 

There is a very large number of strains, as may be evident 
from the great differences in the performance of individual trees, 
which forms the basis for the selection of clones. These indivi- 
duals differ not merely in the yield of rubber bub also in other 
characters of economic value such as vigor, rate of growth, bark 
renewal, susceptibility to disease and wind damage and so on. 
Some of the well-known clones now used for propagation have 
already been mentioned. It should be possible and indeed very 
desirable that performance studies should be made in South 
Indian plantations and (suitable mother trees selected for clonal 
propagation. 

Pests and Diseases. — The Para rubber tree is not subject to 
any serious insert pests like other crops. Scale insects on the 
twig's and leaves, a borer (Xyleborus perforans) boring into the 
bark and interfering with the flow of latex, and a root and stem 
borer (Batocera rubus) are met with but none are of any serious 
importance. The bark borers are prevented from doing much 
damage, as they become fixed in the latex and die. 

Diseases.- — The tree is, however, subject to many fungus 
diseases, some of which are serious. 

(i) The most important among these is the "Pink 
disease" — Gortiunm salmonicolour. This disease appears on the 
bark of the tree, on which it forms a rose coloured or whitish 
crust. Usually it is the under side of the horizontal branches 
which show the disease. The bark in the attacked portion 
splits and peels away, leading to a virtual ' ringing' of the br'anch 
and its death. Heavy rains favour the disease and it is the forks 
of the tree3 which form the starting points. Some mitigation of 
the damage can be obtained by (1) reducing the shade in the 
plantation and (2) coating the forks of the young trees with 
Bordeaux mixture. Trees which have died or badly damaged 
should be cut down and burnt. 

(ii) Another serious disease is "Black thread " — Pbytoph- 
thora Meadii, Macrae, with which is associated an " abnormal 
leaf fall." The disease appears at and about the cuts made for 
tapping ; the bark begins to bulge at the cut and decay of bark 
and wood then sets in. The whole area about the cut becomes 
covered with a sooty black coat. The latex suffers both in 
quantity and in quality. A great weakening of the tree results 
on account of the abnormal leaf shedding. The progress of the 
disease may be controlled by (1) giving the tree rest by suspend- 
ing the. tapping and (2) at the. same -time, applying disinfectants 
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to the surface at the cut. The jsurface may be covered with 
Izal or carbolineuni, or smeared over with a mixture of tar and 
tallow. 

(iii) Another disease due to a similar fungus, viz., 
Pkytophthora Faberii, is the formation of 'Canker' about these 
cut surfaces, which if not attended to will eat into the- wood and 
cause the death of the tree. The progress of the disease may be 
arrested by cutting out all diseased tissue, and burning it. The 
affected surface should also be smeared over with tar. 

(iv) " Die back " ia a disease which attacks nursery seed- 
lings and also young trees in the plantation. The branches 
begin to wilt, dry and die from the tip backwards, leading to the 
death of the branch and later of the seedling itself. The fungus 
causing the disease is present in the soil and gains entry into the 
plant through wounds or bruises. Keeping the surface of the 
soil clean by the removal and burning of all rubbish, cutting out 
the diseased branches promptly and covering the surface with tar 
will keep the disease in check. 

(v) Boot diseases caused by species of Fomes, and by Poria 
hypobrunnea, bring about the death o( rubber trees and is a 
serious trouble especially in newly replanted rubber areas. Old 
rubber roots and other debris has to be cut out and burnt, in 
order to save the new trees. As this work will be quite out of 
the question if it has to be carried out over the whole estate it 
has been suggested that certain cover crops may be sown and 
used as indicators. Crotolaria anagyroide3 and Tephrosia 
"Vogelii are both susceptible and the patch where they begin to 
die may be taken as centres of infection and these spots promptly- 
treated by removing all old roots and plant residues 'and by 
burning them. 

(vi) A disease which causes serious loss is what is 
called, '' Brown bast ", which affects the cortical tissues. The 
first symptom is a cessation of the flow of latex from isolated 
patches of the bark ; a brown discolouration then occurs and this 
is followed by the formation of bulges or nodules on the tapping 
surfaces, which makes it uneven and incapable of being tapped. 
It is not known whether the disease is fungoid, bacterial or only 
physiological. A heavy flow of latex, either as an individual 
peculiarity of the tree or as the result of excessive tapping, is 
generally regarded as tending to produce the disease. Eemedies 
which are adopted with more or less success are the stoppage of 
tapping, light tapping, cutting out or scraping off the affected 
parts and applying disinfectants like tar or other materials. One 
theory regards the disease as being spread from the affected 
portions and on this is hased the remedy of isolating such 
patches by deep incisions going right down to the cambium and 
severing the lactiferous tubes completely. 

(vii) Abnormal leaf shedding caused by " Oidium " is also 
a common trouble, both on plants in the nursery and large trees 
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in the plantations. Dusting with sulphur keeps down the 
disease. On large grown-up trees the method is not practicable 
ordinarily, but the feasibility of using aeroplanes to dust the 
sulphur from has been tried experimentally. 

(viii) Another disease of the bark is the " Mouldy rot," 
due to the fungus Sphaeronema fimbriatum. Small black spots 
appear above the tapping cut on the renewing bark, which 
coalesce and spread, leading to the decay and death of the bark; 
the surface becomes black and the dried bark falls away expos- 
ing the wood and forming fresh wounds. If tapping is continued 
the whole bark of the infected panel becomes damaged and no 
bark renewal takes place for many years. Spores adhere to the 
persons and clothing of the coolies and serve to spread the 
disease. Tapping should be stopped on infected trees, all scrap 
therefrom should be burnt and the surface painted with a disin- 
fectant like Brunolinum, 20 per cent solution in water. All 
collecting cups, tapping knives and such materials should be like- 
wise disinfected by immersion in the disinfectant. 

Chemical Composition and Uses, — 'The latex of the Para- 
rubber tree is composed of water, globules of rubber, proteins, 
sugar, resins and mineral salts and is slightly alkaline in 
reaction when freshly drawn. It has a pH value ranging from 
6 to 7'2. It has a specific gravity ranging between 0"S 
and 1'0-i. It turns neutral and even slightly acid within a- short 
but varying period and in this condition rapidly coagulates. 
The latex as it comes from the estate contains also impurities like 
bits o? bark, sand, etc., which are all of course removed* by filtra- 
tion before the latex is set to coagulate. The quality of the 
rubber prepared from the latex will depend upon the extent to 
which the proteins, sugars and resins have been removed. The 
more of these are present the more is the risk of the rubber 
deteriorating by b.icterial action and becoming soft or ' tacky.' 

Para rubber latex is not of the same uniform quality, but 
varies slightly in composition according as the tapping season is 
wet or dry, according to the age of the tree and the part of the 
tree from which it is derived. Broadly, the composition of the 
latex is as follows : — Water 55, Bubbsr 82 to 41, Proteins 2'2, 
Resin 2*0, Sugar 0-36, Ash 0"4 (Bamb'er). ' 

The latex of other rubber yielding trees differs markedly 
in the rapidity of coagulation ; thus, Ceara and Landolphia 
coagulate as they are drawn and have to be peeled and scraped 
off from the bark. Ficus elastica (Assam rubber) latex coagulates 
with difficulty. 

Latex is sometimes handled and transported as such in bulk, 
for use in manufacture or other purposes. In order to maintain 
it in the liquid condition it is rendered definitely alkaline by the 
addition of ammonia. 

Ordinary plantation rubber has a composition roughly as 
follows :— Moisture 0.3, Rubber 93M6, Protein 3'5, Resins 236, 
and Ash 0'38 (Bamber). 
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Plantation rubber has to be cleaned of its impurities and 
' sulphured ' or ' vulcanised ' before it can be used for the manu- 
facture of rubber goods. The purified rubber when heated with 
sulphur at temperatures ranging from 125° P to 300° P takes up 
the salphur partly in chemical combination and partly as free 
sulphur; the quantity of sulphur added is about 4 to 5 per cent 
for ordinary vulcanisation and as much as 20 to 40 per cent for 
materials like ehonite. 

The chief use of rubber continues to be for the manufacture 
of pneumatic tyres and tubes for automobiles, lorries, "tanks" 
agricultural tractors and wheeled implements. For water-proof- 
ing garments and other articles, for electrical insulation, and for 
the numerous rubber goods like tennis balls, shoes, mats, 
gloves, bags, hose pipes, tubes, elastic bands and belts, dolls and 
toys and so on, rubber is being used as an indispensable material, 
and further new uses are being constantly found. 

Production and trade. — India is one of the chief rubber 
producing countries of the world. Eubber planting has passed 
through many vicissitudes and at the present time a great exten- 
sion in area and increased production from the existing planta- 
tions are both taking place. The annual production in India is 
estimated at 16,000 tons and the total planted area including 
areas planted up to the end of 1941 is 136,614 acres, Out of 
this area, Travaueore alone grows 104,474 acres or about 80 per 
cent, Cochin grows 12,463 acres, Coorg 3,079 acres, Mysore 639 
acres and the British Indian Districts the remaining 15,958 acres. 
Until recently a large portion of the. Indian production was 
being exported but with the sfcartmg of the local manufacture of 
pneumatic tyres, tubes and other goods the local production is 
nearly all absorbed in the country itself. 

Substitutes for Para rubber. — The preparation of substitutes 
for Para rubber, especially of the artificial or synthetic types has 
occupied attention tor a longtime and much scientific work has 
been carried out successfully. Manufacturing methods on a 
large industrial scale are said to have reached a high degree of 
perfection under the pressing necessity of the present world-war. 
It is surmised that the end of the war will see synthetic rubber 
coming into the market as a formidable competitor with natural 
rubber. Many different types have been successfully prepared 
under the names of Buna, Thiokol, Koroseal, Neoprene, Besisto- 
flex, S. K. B. } and so on, the first of these, viz., Buna, which is a 
German product is considered the best. It is now manufactured 
on a very large scale in the U.S.A. under the name of 
Butadiene rubber. 

Other substitutes comprise the natural product itself, viz., 
rubber, derived however from many kinds of trees and shrubs, 
other than the Para rubber tree. The latex from most of these 
suffer from some drawback or other as a source of rubber. They 
have a low content of rubber, or and a high content of impurities 
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like resins and gums, or present, difficulties in extraction. Under 
the stresn of the war, however, technical methods are being 
successfully worked ' out in order to overcome these difficulties 
and many plants are now being exploited for rubber, Among 
these, the Russian Dandelion, — Kok-Saghyz — is thejrabst "note- 
worthy. It is reported that the plants contain in', their J roots 
some 15 to 8 per cent of rubber, (calculated on the dry weight of 
the roots) that both cultivation and extraction are easy, and that 
the Soviet has already planned to put down two million acres 
under the crop. The (3-uayale rubber of Mexico, is being largely 
exploited in the U. S. A,, while in India itself the climbing shrub 
Cryptostegia grandiflora has been found promising and is now 
under large scale experiment. 

A third class of substitutes is furnished by certain made up 
products or compositions, which are so treated and mixed that 
the resulting product resembles rubber in some respects and can 
indeed be used for some purposes as a substitute, 
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APPENDIX I. 

Manures and fertilisers. 

Table shewing the percentages of the primipal pin. 'it food ingredients 
contained in different manures and fertilisers. 



Name of Manure 



Nitrogen phosphoric Potash 
N ; acid P 2 5 K 2 



Lime 
GaO 



Farm Yard manure ... 

Horse manure 

Sheep manure 

Poultry yard manure 

Guano 

Blood (dried) 

Castor Oilcake 

Groundnut ,; 

Eortge (Pongamia glabra) 

Oilcake. 
Neem (Melia azhadiraehtaj ,, 
Safflower „ 

Bonemeal, Baw 

,, Steamed 
Boneehar.' 
Fish manure 
Super Phosphate 

„ Concentrated 
Basie Slag 

Triehy PKt$plia8e§ : ; ' '■' "..:" 
Ammonmm Sulphate 

„ Chloride 
Calcium Cyanamide 
Urea (Floranid) . 
Sodium Nitrate 
Nitrocbalk 
Potassium Nitrate 
Ammophos A 
B 
Diammondiphos 
Leunophos 
Phosphazote 
Potassium Sulphate 

,, Chloride or muriate. 
Karaite 
Leuaophoska 
Nitrophoalca 



0'3~n 
0'6— 1'5 
0"8— 1"6 
1'2— V5 
0'3— 2-0 
ll'a 
5'5-87 
6"5— 8*8 

3'5-4 

4'4- 5"9 

3-9— 8'4 

3'6 

1'5 

0— 0o 

4—6 



20 , 5 

24 - 5 

18-21 

46 

15'6 

15 - 5 

13 5 

107 

16*5 

20 

20 

7 



10 
1(5 



()-3— 0*54 



1"5— 2'0 
5—35 

'■'£'§ 

1"4 

\S 
1'3 

ri 

186—23 

30*9 
26 

1'7— 7 - 5 
14—21 
35—45 

,16-20 
. 25"5 



46 
20 
53 
20 
15 



10 
1(5/ 



o'4-ri 



0*2-3-5 



45 



H-; 



52 
50 
■30 
13 
16 



0'65to L'3 



3-18 



31 
41 

37 



, 45 : 

44' 



35. 



35. 
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Diagram showing the manner of mixing manures. 
SUPERPHOSPHATE 



BASIC SlAC 




CATTLE. MANURE 
COMPOST 

POONAC 



Sulphate of potash 

MURIATE OF POTASH 



It Pyrenees. - 



NITRATE OF SODA 

DIAGRAM. 



■Should not be mixetl. 

-Can be mixed at any time. 

=Can be mixed immefliatelT befoiv use. 
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APPENDIX II. 

Preparation of some op the common fungicides and insecticides. 

Bordeaux Mixture.— Ihis is the most important among the fungicides. It 
is used almost invariably in the form of a liquid and sprayed. Its use in the 
form of dry powder has been attempted in recent years, but such use is very 
insignificant, if not almost unknown. The liquid Bordeaux mixture consists of 
a very fine suspension in water of precipitated Hydroxide of Copper which 
remains in the liquid in a very finely divided condition and when sprayed 
covers the parts of the crop on to which it is sprayed as a thin film. This 
suspension of Copper hydroxide is obtained by the addition of dilute milk of 
lime to a solution of Sulphate of Copper. In order to make this film spread 
and adhere firmly a ' spreader* or ' sticker ' is added. The mixture is made in 
different strengths, and the commonest is tho one per cent solution also known 
as 5 — 5 — 5P mixture. This is made up of 5 lbs. of copper sulphate, 5 lbs. of 
lime and 50 gallons (500 lbs.) of water. A. two per cent solution is sometimes 
used, which will be represented by the proportions — 5—25 and a half per cent 
solution is also ■used which Will have the proportion 5 — 5 — 100. If only small 
quantities of any strength are required the requisite correct quantities of each 
can be readily calculated. 

The standard or the one per cent solution to give 50 gallons is made as 
-follows; — 

(a) Copper sulphate solution. , Five lbs. of well powdered copper 
sulphate crystals are dissolved in 25 gallons of water' in a wooden tub or a 
brass, copper or earthenware vessel. For this purpose the copper sulphate 
may be tied up in a cotton or a gunny bag and suspended in the water from a 
stick placed across the top of the tub or the vessel. Iron or ;iim vessels shmld 
not be used. 

(b) Lime. 5 lbs. of quick lime is slaked in a small quantity of water, 
well stirred up and then more water added to bring up the quantity of the milk 
of lime to 25 gallons. 

(c) The mixing of (a) and (b) takes place in a large barrel or sufficiently 
large vessel into which (6) is first poured and then (a) is added slowly with 
frequent stirring. Other ways of mixing are (l) to pour the two solutions .»* 
the same time into the larger vessel, and (2) to ,pour the copper sulphate (a) 
fast and then the milk of lime (b), , ' 

The mixture will have to be tested to see if it contains any copper sulphate 
solution (i.e., unprecipitated) by (lipping into it the end of a clean iron blade; if 
the blade becomes coated red, then more milk of lime should be added until no 
such reddening takes place, 

" Spreader or Sticker",- -There are various materials used for thispu rpose. 
vi s. . Eesin soda mixture, Casein and lime (Caseinate of lime), Linseed. oil,Gin- 
gelli' oil, Groundnut oil, or Coooanut oil. 

The Hesiu soda is made by boiling 2 lbs. of rash and \ lb. of soda ash in 
one gallon of water till the mixture is quite clear. 

The lime caseinate is made by soaking i lb, of casein in ball a gallon of, 
water and adding to it half a gallon of milk of litne prepared by : slaking $ lb. 
of quiek liiiis in half a gallon of water. Imthe case of the oils, about 1 lb. of 
the oil is mixed with the copper sulphate sohxtion before the latter is added to 
the milk of lime. 

Spreaders of the above strengths can be added to . the Bordeaux, , inixture 
5 --5— 25, where they will take the place of one gallon of water, the, resulting 
mixture being 5 — 5 — 24—1 (Spreader), 

(See also pages 464-465 of the text), 

■ 38*- 
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Insecticides. 



Tobacco Decoction. — Soak 1 lb. of tobacco in two gallons of water, for 
21 hours stirring the mass occasionally. Strain or decant and use as a spray. 
Sometimes soap is added to the tobacco decoction. This tobacco-soap spray 
is prepared thus ; — Boil 1 lb. of tobacco in one gallon of water for half an hour 
and strain the decoction. Add to it 1 lb. of soap shavings and heat the 
mixture till the soap dissolves, and cool. The mixture is diluted with six or 
seven times its own volume of ■water before being used for spraying. 

Kerosene Emulsion. — Dissolve i lb. of soap in one gallon of soft water by 
heating the water to boiling. Eemove from the fire, and add 2 gallons of 
kerosene oil to the hot mixture, and churn it up until it becomes a creamy mass 
or emulsion, thickens on cooling and adheres to glass without any oil particles 
separating. Before use the emulsion should he diluted with 20 times its own 
volume of water. 

Lead Arsenate. — The solution is made by dissolving the arsenate in water, 
in the proportion of 2'lbs. of arsenate for 100 gallons of water. 

Fish Oil Soap. — This spray solution is made by dissolving the soap in 
water in the proportion of 1 lb. of soap to 6 gallons of water. 

Honge Oil Soap. —The spray solution with this soap is made by dissolving 
1 lb. of the soap in 8 gallons of water. 

Calcium Arsenate. — The spray is made by stirring the arsenate in water 
in the proportion of 1 lb. of the substance to 50 gallons of water. Sometimes 
the spray is prepared with the addition of lime and jaggery. For this purpose 
1 lb, of the arsenate is first made into a paste with water. Two lbs. of lime 
and 3 lbs. of jaggery are dissolved in sufficient water and strained. The 
filtrate is then mixed with the arsenate paste and the whole made up to 50 
gallons with more water. 

ADDENDUM TO ChAPXEK I. BlCE. 

Storage Pcnts of Bice (to be rtoi with pages 2ft and S3 of the Text). — Rice 
is either stored as paddy (unhusked) or in the husked form, i.e., as vice. If it 
has to be stored for any thing more than a couple of months or so, then it is 
kept as paddy and not as rice. Iu the shape of rice, it undergoes serious 
deterioration due to both irisect pests and to chemical changes. Storage 
proper (i.e., even then for seldom more than a year, or from one harvest to 
another) is only in the shape of paddy. 

Both paddy and rice are subject to insect pests in storage. Paddy is 
attacked most frequently by the tiny paddy moth — Sitatriga Gurealella, 0. — 
the larvae of which burrow into and eat the paddy grain reducing the paddy 
to chaff. The tiny whitish moths are conspicuous in most granaries. The 
attack is more common when paddy is stored heaped loose upon the floor. 
If stored in tightly filled bags, metallic or earthenware or wooden bins filled 
to tho brim and covered up preferably by one inch layer of sand or a mixture 
of sand and lime, the attack can be kept down fairly effectively. 

Rice is attacked very badly in storage by the Bice Weevil — Golaitdra 
Onjzoe, L — of which both the larvae and the adult feed on the rice and damage 
it. The pest multiplies rapidly and passes through several generations in a 
year. Bico is also attacked by another beetle pest, viz., the TriboMwm 
Gastaneum both the adult and larva? of which feed on the rice, 

A third pest of rice in storage is the flour moth, Coreym Gephalniea, 
H— the lerwe of which fead on the rice, reducing it to a powder which 
they web together with the grain into hollow lumps inside of which they hide, 
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It is very difficult to preserve rico free from these pests. One household 
remedy consists in keeping it mixed up with turmeric powder. When required 
for use tbo vice is scrooned to remove the turmeric powder, and the washing 
of the rico previous to cooking it 2'Oiaoves some more of the turmeric. The 
uooked rice is yellow in colour. The preservation of rice undor a l&jerof 
sand in receptacles provided with a suitable hole at the bottom to tap the 
rice when wanted, will, as in the case of paddy and many pulses in storage, 
prove effective. 

Both in the case of paddy and rice frequent drying in the sun anil 
cleaning, combined with thorough cleaning of the rooms and receptaoles will 
greatly mitigate the damage. 

On a large scale as in the case of godowns, fumigation with Carbon-bi-sul- 
phido will have to be resorted to. About ono ounce of Carbon-bi-sulphide for 
every 15 cubic feet of storage space will be required. The fumigation should 
bo conducted with all precautions against fire, and preferably under expert 
supervision. 

Various dusts aro also used for the killing of the weevils in stored produce ; 
these dusts have the property of withdrawing the moisture from time bodies of 
the weevils and thus causing their death. One such dust recently put out by 
the Imperial College in London is a chomieallv prepared fine white powder, 
which is non-poisonous, free from any risk of causing silicosis and which is 
claimed to possess extraordinary potency in killing weevils. The addition of 
this powder at the rate of only 1/10 per cent was found capable of destroying 
40 to 50 per cent of the weevils. 

Varieties of Bice, — {to be read with pane 23 of the text). — In addition to the 
large number of varieties described there is one variety which may be regarded 
more or less as a curiosity. In this variety the paddy grain contains two grains 
of rice and not one as in the case of all the other varieties. This double grainod 
variety can be seen growing in parts of Travancore. As a cultivated rice it is 
not of much Importance; the variety is both delicate and a poor yielder. 

Addendum to Sbqtion V, Chaptek III, Tapioca. 

Varieties. — (to be read with page 259), — Among the varieties under cultiva- 
tion, is one which unlike those desoribed already, flowers and fruits freely, It is 
a comparatively low-growing o'r dwarf variety, branches profusely and has thin 
stems. The tubers are thin and longish. Indeed the number of types and 
varieties in Tapioca is very large and quite 25 of such are reported in the 
crop cultivated in the Travancore State. 
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APPENDIX III. 
List of Books, Journals and other publications consulted. 

1 A note-book of Agricultural facts ami figures by Cecil Wood. 

2 Handbook of Agriculture by N. G. Mukerji. 

3 Text-book of Indian Agriculture by J. Mollison. 

•i Dictionary of the Economic Products of India by George Watt. 

S Cyolopaedea of American Agriculture by L. IL Bailey. 

G Malavan Agriculture, Handbook by Department of Agriculture, F. M. S. 
& S. S. 

7 Dictionary of Malayan Econorqie Products, by J. H. Burkill. 

8 Tropical Agriculture, by P. L. Shmnonds. 
1) Tropical Plants by 0. W. Barret. 

10 Travels in Mysore and Goorg by Buchanan. 

11 Handbook of Java, Division of Commerce, Buitenzorg, Java. 

12 Field, garden and orchard crops of the Bombay Presidency, by C A. 

Garnmie. 

V6 Products of the Dutch East Indies, Division of Commerce, Buitennorg, 
Java. 

14 The Cocoanut Palm, by H. 0. Sampson. 

15 Food-grains of India by A. H. Church. 

16 Food Analysis bv A. G. Woodman. 

17 The Nutritive Value of Indian Foods by W. E. Aykroyd. 

18 Commercial Fertilisers by Gilbert H. Collins. 

19 The Use of Fertilisers by Jacob and Coyle. 

20 Pflantzenstoffe by Wehmer. . 

21 Organic Chemistry by Paul Karrer. 

22 Volatile Oils by Gildmeisber and Hoffmann, 

23 Southern Field Crops by F. J. Duggar. 

24 California Vegetables by E. J. Wickson. 

25 Handbook of Economic Entomology for South India by T- V. Eama- 

krishna Iyer. 

26 Fungi and Disease in Plants by E. J, Butler. 

27 Sice in Madras by K. Ramiah. 

28 Report on the Marketing of Rice in India. , 

29 Studies on the Rico Plant and on Rice Cultivation bv K- V. Joshi and 

M. V. Gadkari. 

30 Coffee in Brazil by W . G. Mae Ornery anil Mary L. Bynum, Department 

of Commerce, D. S. A. 
SI Modern Coffee Planting by E. G. Windle. 

32 Report on the Marketing of Coffee in India. 

33 All about Coffee by William H. Ukers. 

31 Cottons of the World by George Watt. 

33 Technological Reports on Standard Indian Cottons by Naair Ahmed. 

36" Fibre Industry in the Province of Bombay by .1. K. Sirjkar. 

37 Indian Sugar Industry Annuals by M. P. Gandhi. 

38 Improved furnaces for Gur Manufacture by G. K. Kelkar. 
3D Spices by Henry N. Ridley. 

10 Handbook of Sericulture, I. Rearing of Silkworms by M. Yonemura and 

N. Rama Rao. 
•Jl Report on the Marketing and Transport of Jute in India. 
42 Cultivation and Preparation of Para Rubber by W. H. Johnson. 
■13 Hevea Brasiliensis or Para Rubber by Herbert Wright. 
•11 Report on the Rubber Regulation Scheme in India. 
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45 Indian Tea, its culture and manufacture by Gland Bald. 

16 Indigo Manufacture in Madras by E. Marsden. 

47 Report on the Marketing of Wheat in India. 

48 Do do Potatoes c!o 

49 Do do Groundnuts in India 

50 Do do Linseed do 

51 Do do Tobacco do 

52 Tobacco Leaf by J, B. Killebrew. and Herbert Myriok. 

53 Mysore Agricultural Department, Bulletins. 

54 Do do Agricultural Calendars. 

55 Do do Annual Reports. 

56 Journal of the Mysore Agricultural and Experimental Union. 

57 Do Madras Agricultural Students' Union. 

58 Indian Journal of Agricultural Research. 

59 Indian Farming. 

60 Mysore Economic Journal, 

61 Bulletins of the Tea Research Station, Devashola. 

62 Annual Review of the Biological and Allied Research in India by the 

Society of Biologioal Chemists in India. 

63 Bulletins of the Sericultural Department in Mysore. 

64 Proceeding's of the First All-India Sericultural Conference. 

65 Malayan Agricultural Journal. 

66 Tropical Agriculturist. 

67 Tropical Agriculture. 

68 Agricultural Gazette of New South "Walas. 

69 Journal of the American Society of Technology. 

70 Sea-borne Trade of British India. 

71 Crop and Season Reports of the Mysore State. 

72 Review of the Rail-borne Trade of Mysore. 

73 Imperial Institute Bulletins, London. 

74 International Review of Agriculture, Rome. 

75 The Philippine Agriculturist. 
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APPENDIX IV. 

Glossary of Vernacular terms used in the text. 

Avara ... Doliohos' Jab-lab. 

Bamgu ... Ptinicum miliarc. 

Bhafcta ... Paddy. 

Bili ... White. 

Besike ... Hot weather. 

Croro ... Ten millions. 

Clianclrike ... Spinning frame lor silk worms. 

Dhal .... Split pulse. 

Dhaincha ... Sesiania acaleaU, 

Ganja ... Cannabis sativa resin. 

Ghauts ... Mountain or hill ranges. 

Ghoslia ... In seclusion, said of women. 

Gingelli ... Sesamum, indicum. 

Gunny ... Hessian. 

Haiu ... The main season, generally from' June to December. 

Hingar ... The season of the N.E. monsoon. 

Honge ... Pongamia glabra. 

•Tola ... Andropogon sorrjhwn. 

Kar ... The early season, as opposed to haiit, usually April to July. 

Kari ... Black. 

Karthik ... The rainy season, from July to December. ' 

Koradu ... Log for levelling and clod crushing. 

Kunte ... Harrow. 

Lakh .,. One hundred thousand. 

Maidan ... Open plain country. 

Miiinacl ... Hilly forest country of heavy rainfall. 

Maund ... A unit of weight ; standard maund— about 82i Ujs. ; Mysore 

maund or local - about 25 lbs. (many local variations). 

Muugar ... Season from May to September, of the S. W. monsoon. 

Navaue ... Sdariaitalica. 

Neem ... Melia azhadinwhiu. 

Italia ... A unit of volume, equal to 100 Mysore seers. 

Pundi ... Hibiscus cunmbinus. 

Poonac ... Oiloake. 

Bagi ... Eleusim oomeana. 

Sadde ... One row seed drill. 

Sajje ... Pcnnisetum typhoideum. 

Save ,., Panicim miliare. 

Seer ... A unit of volume equal to about a quart ; also a unit of weight' 

standard seer is equal to about 2 lbs. ; Mysore seer is about 

5/8 lb. but has local variations. 

Togare ... Gajanus indims. 

"Vaisak ... The hot weather season i as applied to rice, from January to 

May. 

Tola ... A unit of weight, equal to 180 grains. 

Yedekunte ... Inlerculturing barrow. 
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deoritu culatnis (see under Baje) 

Agaves (Si*>al), 358-365, 

llotany, 364 
Cultivation, 360, 361, 
Fibre extraction, 862, 363. 
Outturn, 868. 
Leaves, weight of, 361. 
Mbre, import of, 36S. 
Yield, 36:), 

Peats and discuses, 864. 
Poling, 362. 
Propagation, 360. 
Kneeies and varieties, 861. 
Hoils, 360. 
Uses, 363. 

Agromyzu, phaxeuli, 0. 121. 

Ajvran (Oaruni copticum), 491. 

Botany, 492, 

Chemical composition, 492. 

Cultivation, 491, 432. 

Thymol in, 492. 

Trade, 492. 

Yield, 492. 

Albissssias, for shade, 103. 
Jlternuria solani, 251, 
Amsaeta ulbiatriga on Ragi, 53. 
'Auabe' disease in Areca, 46B, 
An&ropogon sorff/mm (sec under Jola). 
Ami&to, cultivation of, 601. 
Preparation of dye, 503. 

Anthraono&e on Chillies, 281. 
on OonueuSi 121. 

Apliids on tobacco, 392, 

Areca nut, 442-468. 

Altitude for, 443. 
Boiling nuts, 154. 
Botany, 461. 
Climate for, 443. 
Composition, 456,466. 
Cultivation. 444-148. 
Cultivation cost of, 461, 
Curing, 463. 
Drying, 464. 
Flowering of, 450. 
tirades, 467, 458, 
Harvesting, 451. 
'Kole roga" disease, 463-468. 
Ije&f manure for, 460. 
leasing gardens, 460. 
Manuring, 449. 
Nurseries, 450. 
Other CropB in, 446. 



Production and Trade, 467, 163. 

■Routine of cultivation, 446, 

Soils,, 443. 

Trees per acre, 445. 

Usas.466, 467. 

Varieties, 462. 

Yield, 460. 

Atyijriii btictica&liis, 219. 

Army worm of lice, 32, 33. 

Awe (Dolichcs lab-lab), 101- 106. 

Botany of, 105. 
Composition. 106. 
Cultivation, 104. 
Insect pests, 106, 106. 
Varieties, 105. 
Yield, 105. 

B 

Bfijo (Acorns oalarnis), 493,494. 

Cultivation, 493. 
Uses, 494. 
Yield, 494. 

Bajra, (see'undBr Sajje). 

Baragu (Panioum miliarpi,88. 

Botany of, 89. 
Composition, SO, 
Cultivation, 88, 89. 



02. 



Yield, 89. 

Barley, 90-93. 

Botany, 91. 
Composition, 91. 
Cultivation, 91. 
Diseases, 92. 
Malting Quality, 
Uses, 93. 
Varieties, 91,92, 
Yield, 91, 



Bmarus hemp, (sBe under Sana hemp}- 
Bengal gram (Cieer arictmum), 107-1 Ht 

Acid from leaves, 108. 

Blmsa, 111. 

Blight, 110. 

Botany, 109. 

Composition, 111. 

Cultivation, 107, 108. 

Diseases, 110, 

Insect pests, 110, 

Rotation. 107, 

Soils, 107. 

Uses, 110. 

Varieties? 109. 

Yield, 108. 
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Betel vine, 468-479. 

Black rot, 478. 

Bleaeliiny leaves, 178. 

Botany, 177. 

Composition, 179. 

Cultivation, 172- !75, 

Diseases, 478. 

Drainage, 470. 

Irrigation, 469. 

Lowering vines, 172. 

Manuring, 471. 

Picking, -176. !- 

Shade for, 159. 

Standards, 170. 

Soils, 469. 

Varieties, 477. 

Yield, 476. 
Bimlipataui Jute, (see under fundi). 
Black cotton soils, 326-228. 
Black gram (Phnseolus inuugo>, 114-Illj. 

Botany of, 115, 
Composition, 116, 
Cultivation, US, 
Uses, 116. 
Varieties, 114. 
Yield, 115. 
Br to bast, of rubber, 5Jii. 



Cj-jaiuis intlkti.ii, (sou under legate.) 

Calomris tmguMatun, 67. 

Carbpnatation, 218. 

Cardamoms, 888-808: 

Bleaching, 296. 

Botany, 298. 

Clearing jungle for, 290. 

Climate, '289. 

Composition, 301. 

Cultivation iu areea ffardau , 2(11, 

Do forest, 293. 

Do plantations, 290.293. 

Diseases, 301. 
Distance of planting, 289. 
Drying in sun, 296. 

Do driers, 2'J^- 
Flowering, 291, 295. 
Inseut nests, 800, 301. 
Manuring! 291. 
Nursery, 292, 293, 
Oil contents, 301. 
Picking, 295. 

Production and trade, 302. 
Propagation methods, 291. 
Heads and seed rate, 292. 
Sbade for, 290, 291. 
Soils, 290. 

Transplanting, 293. 
Uses, 301. 
Varieties, 298, 200. 
Yield, 297. 

Curum CLiptioum, (see under Ajwau) 
Cassia auriculata, composition of, IS 
Case worm of Bice, 32. 
Castor, 189-110. 

Botany, 111, 

Composition, 1.14. 

Cultivation. 



Diseases, 144. 
Inseofc pests, 143. 
Oil, extraction of, 115. 
Oil, constants of, 141. 
Production and trade, 145. 
* Hotatioc, 110. 
Uses, 114, 
Varieties, 142. 
Yield, 111. 

Ctrco&porn nicotianac, 391 

Chillies {Capsicmn uHinnnii), 274-282 

Botany, 279. 
Climate, 27fi. 
Composition, 281. 
Cultivation, dry, 276-279. 

Do irrigated, 273. 

Diseases, 231. 
Insect pests, 381. 
Manures for, 278. 
Nurseries, 271. 
Botation, 276. 
Soils, 275. 
Uses, 281. 
Varieties, 2S0. 
Yield, 279. 

Uicer arietinmn, (see under Bengal graui) 
Coconuts, 145-171. 

Bleeding disease, 166. 
Botany, 160. 
liudrot, 167. 
Coco-de-mer, 168 
Coir making, 16S, 16'J. 
Copra making, 161-166. 
Composition, 16$. 
Cultivation, 157-159. 
Diseases, 166, 167. 
Distance to plant, 161. 
Fish manure for, 159. 
Harvesting, 154, 156. 
"Insect pests. 163-156. 
Jaggery, 157. 

Manure mixture for, 159. 
Nurseries, 119. 150. 
Nuts per tree , 154. 
Production and trade, 170, 171. 
Plant foods removed by, 150. 
Hats as pest, 166. 
Ked weevil, 165. 
Pibiuoeeros beetle, 163-165. 
Rainfall for, 147. 
Salt manure, 159. 
Seedlings, tige to plant, 119. 
Soils, 146. 
*oddy, 156. 
Varieties, 161-163. 
Uses, 169. 
Yield, 156, 

Coil'ee, 393-126. 

Adulterants in, 123, 

Altitude, 398. 

Arabiea, 116-41S. 

Bee -hives hi, 411. 

Berry boxer, 420, 

Black rot, 421. 

Botany, 416. 

Caffeine in, 434. 

Calendar of operations, 115. 

Cherry, 413. 

Clearing juugie for, 400. 

Climate, 399. 

Composition, 425. 
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Curing, 403. 
Diseases, 421, 422. 
Distribution, 398, 
Excelsa, 41b. 
Grades, 414, 415. 
Green bug, 420. 
Harvesting, 411. 
Lent rust, 421, 
Liberies, 418. 
Manuring, 103-409. 
Native, 413, 
Nurseries, 404. 
Out turns of, 414. 
Parchment, preparation ot, 111. 
Planting distance, 445. 
Do supplies, 409. 
Production and trade, 425. 
Pruning, 409. 
Quality in, 423. 
Boasting, chemistry of, 425. 
Robusta, 418. 
Shadoin, 401-405. 

Tree leaves, composition of, 413. 
Soils, 899. 
Stem boror, 419. 
Slump rot, 422. 
Technical terms, 114, 
topping, 409. 
Yield, 422, 

Uolemanii tpltuneruules, 67. 
Compost manure from cane trash, 219. 

Cotton, 325-350. 

Boll worms, 345, 81(1. 

Botany, 833, 

Climate for, 825, 32C. 

Colour, 848. 

Diseases, 347-350. 

Disposal of plants, 38S. 

Distribution, 326, 

Joel, 848. 

Fineness, 812. 

Ginning percentage, 318, 344. 

Implements of cultivation, 881-332, 

Insect pests, 846-847, 

Pemplierea offlcinis, 846. 

Preparation of field, 835. 

Production and trade, 351. 

Katooning, 330, 

Bed leaE disease, 348. 

dotations, 328-331. 

Season for sowing, 888. 

Seod, treatment for sowing, 334-335, 

Composition of, 350. 

Oil, constants of, 350. 

Oilcake composition oE, 351. 

Soils, 336-328. 

Sowing methods, 33-'5. 

Sowing distance, 836. 

Staple length, 841. 

Staple htrengtli, 842. 

Trade names, 839. 

Uses, 360. 

Varieties, 839-845. 

Wilt, 317. 

Yields, 337. 

Coriander, 302-806. 
Botany, 304. 
Composition, 806. 
Cultivation, 303-801. 
Diseases, 305-306. 
Preparation of seed, 303 
UoUtion, 808. 



Soils, 302, 
Varieties, 305. 
Yield, 304. 

Cowpeas {Vir/iiu catiang), 118-122. 

Greui manure, J -20. 
Botany, 120. 
Composition, 121. 
Cultivation, U0 
Diseases, 121. 
Soil.,, 119. 
Varieties, 120421 
Yield, 120. 

Cumintim cipnituim, see unci* i 1 Jecm^c, 



Daincu.i, a green niamuv, 18. 

As. hedge and standards, 470-471. 
JHatroca, W, 219. 
Viclworosis I'mictifi'mlis, ou Cardamoms, 300 

Do on Castor, 143. 

Voliehos bifionts, ste under Horsegram, 

Do lab-lab, ace under Avare. 
Dry fanning practice?, 33. 



Khimae coracana, sen nndor Eayi. 
Erythrina indica, 473, 

liflioHpn'ma, 403. 

Eriodemlron aiifructuamim, 471. 
Ernsijpha cichoracaarum D. C. on tobacoo, 894. 
Eel worms in Coffee Soils, 420. 
Enphurhia tirucuUi as hedge, 470. 
Do again? t leHIe pest, 158-104, 



Fenugreek, see under Meirtliya, 



Gallfly of rice, 38. 
Ganja, see under Hemp, 
Ganodcrma hiciium, see under Auabc. 
Garlic, 320-324. 

Botany, 323. 

Composition, 821. 

Cultivation, 821. 

Diseases, 323, 

Insect pests, 823. 

Planting material, 321. 

Rotation, 820. 

Seed rate, 321 . 

Soils, 320. 

Uses, 323. 

Yield, 322. 

Ginger, 483-489. 

Botany, 487. 
Composition, 488. 
Cultivation, 484-485. 



SiS 



INDEX 



Diseases, 48b. 

Dry, preparation of, 488, 

Insect pests, 4jS. 

notation, 483. 

Seed rate, i%. 

Soils, 48fl. 

trs.es, 488. 

Yield, 485. 

(irassliopuer of rice, 39. 

GratsliopjiDi: of jola, 67. 

Gieen gram (PhataolM mtfiiifus), 1VT-118. 
Composition, 118. 
Cultivation, 117-118. 
Yieia,118. 

(iroimcbints, 139-180. 

Botany, iad-135. 
Composition, 188. 
Cultivation, 131-184. 
Diseases, 136. 
Distribution, 129. 
Harvesting method;,, 181. 
Insect pests, ISO. 

Oil, 137. 

Oilcake, 188. 
Froilnctiau and trade, K18-1»9. 
Uscf,, 187, 
Varieties, 135. 
Wild pigs, dama^'ii by, 137. 
Yields, 134. 

H 

Haraka (PuhiMlmii icrotiimlatum), 86-S8. 

Bokny of, B7. 
Composition, b8. 
Cultivation, 86-87. 
Diseases, 88. 
Insect pests, 88. 
Yield, 87. 

Helininthasporiiitii onjMe, 81, 
THehidnlliotijiorium iioditlusum, 63. 
Hemp (CaunabUxttim), 479-481. 

Cultivntiou for Gauja, 480. 
Distribution, 180. 
Propni'otioa at Gauja, 4bl. 
Yield of Gauja, 481. 

Hemelia i<astatri.i, 4-11. 

Hibiscus cannalim 1 '- sot uutler Pundi, 

Hibpa of Sice, 32. 

Honge leaves, ooinyoatiou, 18. 

Harse- gram {Daliehoi litianui], 1L1-1H, 

Botany, 113. 

Composition, 114. 

Cultivation, lltf. 

Disease, 113. 

Ins-eot pests, 113. 

Rotation, 112 

Soils, 111. 

Uses, 118. 

Varieties, 118. 

Yield, llii. 



Implements i» , ' lflolt co Mo u soil tracts, 331-33:1, 
Indigo 

Acreage, 500. 

Obomityy of, 408, dS'J. 



Cultivation, 496. 
Distribution, 49.3 
tu^ct pests, 459. 
Preparation of dye, 107, 408. 
Production, 500 
Dotations, 4"d 
Noils, 495. 
Vats, 497. 
Varieties, 499. 
Yield, 498. 



J 



Jeeiige (Gtituini'iii C/;miAu»0,3G8-810. 
Eotany,310. 
Composition, 810. 
OulUv&liou, 309. 
Distribution, 00H. 
Oil, 310. 
Soils, 309. 
Uses, 810. 
Vftrifitiea, 310. 
Yield, 800. 

Jttfe'gery, boiling, 911-214, 
"Cream", 215. 
Furnaces, 211. 
Mould.,, 213. 

Quality and. composition, all, 
Coconut, 167. 
Yield, BIB. 

,To!a [.tudrapoytjji «orr/hui>i), 55-70. 
Botiuy, 63. 

Composition, of aiMljumd fodjier, 70, 
Chaffing fodder, 64. 
Cultivation, of fodder, G4. 

'Hingar', 61. 

irrigated, 02. 

'Jfungar' 57-60. 
Diseases, 68, 69. 
Distribution, 55. 
Kavhead fly, 67. 
(Iras^hopprr pest, 67. 
Green fodder. 64. 
iiarvestinj:, 61 
Insect pests, 67, 68. 
Malting of, 70. 
Popped join, 68. 
Preparation oi field, 57. 
Preparing fodder, 04, 
Production and trade, 70. 
Prussia Acid in, 66. 
Rotations, 56, 57, 
Seed rate, 59. 
Do treatment, oil. 
Smuts on, 68. 
Soils, 55. 
Stacking, 63. 
Storage methods, 1)0. 
Sowing methods, 58, 59. 
Striga uu, 69. 
Sweet souyuuM, 70, 
Threshing by roller, CI. 
Varieties, 06 
Yield, 62, 60. 

Jute [Corchortu ivjuularis), SBO-Slh 
■Rotany, 360, 
Climate, 866, 
Composition, ST1 
Cultivation, 367. 
Diseases, 870. 
Distribution, 865. 
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Harvefctiug, 367. 
Helting, 368. 

Do and fibre <iuaUty, 868. 
Inject pests. 370. 
Production an 1 trade, 871. 
Preparation of fibre, 368, 869. 
Rotation, 366. 
Soils, 866, 

Stripping and washing, 368. 
Uses, 370. 
Varieties, 36!) . 
Yield, 369. 

K 

" KoJe 1'oga," (sec under Phytoplitliom awnt ) 
Kadale (see under Bengal gram) 



Lantana, as green manure, 19. 

Leaf disease on coffee, 121. 

• ' Leaf roller " of gioiuidnutR, 136 . 

hrcmiiuvi viride, 420. 

"Little Giant," threshing machine., 48, 

Unseed, 171-176. 

Botany, 174. 

Composition, 176. 

Cultivation, 172-174: 

IMseasef,, 175. 

Distribution, 171. 

Ijisoet prats 176. 

Oil, 176, 176. 

Oilcake, 176. 

Production mid trade, 17C. 

Eolation, 172. 

Soils, 172. 

then, 176. 

Varieties, 174. 

Yield, 173, 

M 

Jtai/e, 93-07. 

Bot&n>,«^-™ »,.„.. i 
Composition, 97. 
Cultivation, 91. 
DispaBes, 97. 
Insect pests, 96, 
Rotation, 94. 
Soils, 91, 
Varieties, 9.">, 
Yield. 
Uses, 97. 

'Ifanjio' ginger {Curcuma amada), 287. 

Menthya \Tngrwella faenum i/raeeiim,) 005-808, 

T)otany,308. 
Composition, 308. 
Cultivation, 807. 
Diseases, 80S. 
Hotation, 306. 
Soils, 806. 
Uses, 308. 
Yield, 307. 

Molasses, 216, 218. 

Mosaic disease on eardiunojiis, 30. 

Do on <mgarcane, 222. 

Do on tobacco, 394, 

Mosquito blight on toft, 489. 
Mulberry, 603-521. 
Acreage, 521. 



Botany, 510. 

Budding, 610. 

Composition of leaf, 613. 

Cultivation, dryland, 603. 

Cultivation, Irrigated, 506. 

Diseasa-;, 513. 

Distribution, 5.03. 

Insect pests, fill. 

Manuring, 608. 

Picluns; leivei, inethodR ftf , ,",06. 

Picking If ares, time of, 507. 

Planting, in farrows, ,<K5. 

Plant'ng, in pit 1 ;, 605. 

Seedlings, 501!. 

Soils, 604. 

Two, 509. 

V>trioties, 511. 

Yield, leaves, 508. 

Yield, in terms of cocooni, 508. 

Miutard, 310-3R 

Botany, fill. 
Couitrasitiou, 313. 
Cultivation, ail, 
Disea; ea, 312. 
Insect pests, 912. 
Oil, 312. 

Varieties, 312-318 
Yieia, 311. 

N 

Navane (Srtaiia itnlica). 

Botany, 78. 

Composition, 79. 

Cultivation, dry, 76 

Cultivation, irrigated, 78. 

Diseases, 79. 

Inatsot pBst, 79. 

Botation, 77. 

Smut on, 79, 

Varieties, 7S. 

Yield, 78. 
Niger, 176-17H, 

Botany, 178. 
Cultivation, 177 
Oil, 178. 
Oilcake 
Soils, 177. 
Yield, 17*. 



Onions, 1)13-110. 
Botany, 318. 
Composition, 519. 
Cold storage, 317. 
Cnlti vation from bulbs, 315. 

Do teeds, 316. 

Do seedliopa, 317. 

Diseases, 317, 
Insect pestfl, 319. 
Hotatiou, 311. 
Kusfc on, 319. 
Seeds, 317. 
Soils, 313. 
Varieties, 318. 



Paddy blast, 83. 

Panicum miliaceam (BBe under Baraga), 

Do miliare (are under Save) 
Para Rubber, 621-536, 

Altitude, 628, 

Botnny, 630, 
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Climate, 523 
Clones, 52a. 
Composition, £83. 
"Diseases, 531-538. 
Distribution, 622. 
Latex, collection, 528. 
Latex, composition, 533. 
Manures, 52fl. 
Nursery, 621. 
Planting distance, 52fi. 
Propagation by soed, 521. 
Propagation by buddinfr, #25. 
Preparation of, 529. 
Production and trade, 531, 
Soils, 525- 

Substitutes for, 534, 
Tapping methods, 527. 
Tapping intervals, 529. 
Use?, 584. 
VulcftniMflg of, 531. 

I'aHmhuii sc.robiculat.uni, (see mirier Harakn). 
Penakrtnm ti/plwineum, (see under Sajjp). 
Popper (Piper niyrmn), 261.-27'. 

Botany, 270. 
Black pepper, 269. 
Climate, 261. 
Composition, 27-1. 
Gardens, starting of, 2('.2. 
Gardens, c vet ot, -288. 
Diseusee, 273. 
Harvesting', 2fi8. 
Iiiseet pests, 272. 
Planting methods, 267. 
Production and trade, Wl. 
f ropo.gti.tion methods, 265. 
Seedling, 2fi6, 
Soils. 252. 
Uses, 273. 
White pepper, 359. 
Wild, 272. 
Wilt, 273. 
Yield, 269. 

pB value ol coffee soils, 31)9. 

pE vulne ol ten Boils, 429. 

Pliaseohis mvnj/c, (see under Black gram). 

Phmeohis radiatus, (see under Green gram). 

Plillif'rimaea ttperculclla , 219. 

Phj)iaphtli<yra .wjWniia, 251. 

Do areoae, 463. 

Do Meadii, 531. 

Do Fabelii, 532. 

l k ln\i disease oi rubber, 681. 

Plantains, 227-3(1. 

Botany, 233. 
Composition , 289. 
Climate, 227 
Cultivation, 230, 281. 
Diseases, 238. 
Insect pests, 237. 
Manuring, 231, 
Period {or [raiting, 231 
Ripening, 232. 
Rotation, 22(1. 
Rolls, 223. 
Uses, 239. 
Varieties, 231-237. 
Yield, 232. 



Potatoes, 239-255. 

Botany, 216. 
Climate, 210. 
Composition, 251. 
Cold storage, 258. 
Cultivation, 21S. 
Diseases, 249-253. 
Inseot pests, 218, 240. 
Planting material, 215. 
Production and trade, 250. 
Eotation, 2il. 
Soils), 240, 

LTsey, 251. 
Varieties, 2-17. 
Yield, 246. 

Pongamia, glabra, (sr-a under Houge). 
Pundi (Mibi.iCMs aumabinus), 367-369, 
Botany, 359. 
Cultivation, 857, 358. 
Fibre, preparationySsa, 
Do strength, 359. --•■ 
Do Yield, S68. 
Uses, 353. 
Varieties, 359. 

Prrilla of Sugarcane, 221. 



Itagi (Ehmine i-oraenna)iH-ni. 
Botany, GO. 
Characteristics , 35. 
Composition, 54. 
Insect pests, 53. 
Irrigated, 13 
lytttnUTing, 11. 
Mixed crops in, 39, 
flotation, 39. 
Seed drills, 12. 
Seed rate, 11, . 

Seed selection, ii. 
Solving season, 37. 
Sowing methods, 12. 
'Storage, J5f 

Threshing by roller, 18- 
• Do -threshing machine, IS 
Varieties, 51. 
Yield, 18. 

Eerl Pot of Sugarcane, 221. 
lied Bust of Tea, 110. 
lied Spider of Tea, 189. 
Rhinoceros beetle, 163-165. 
Rice, 1-35, 

Artificial manure for, 20. 

Broadcast sowing, 8. 

Botauy, 21. 

Climate, 2. 

Composition , 31, 35. 

Cultivation in puddle, 0-13. 
Do dry, 13. 

' mutinous', 23. 

Green manuring oi, 16-19, 

HiJglcing, 99-30. 

Insect pasts, 32-33, 540-511. 

Diseases, 33-31. ; 

Laying; out fields for, 3 

Maiuiriug, 11-20. 

Parboiled, 30, 

Production and trade, 35, 

Red colour in, 21, 25, 
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BatstiioM, 21, 22. 
Reasons, 4. 
Seedlings, age of, 12. 

Bo spacing, 12. 

Seed rate, 10, 11 . 

Do selection, 8. 

Do sprouted, 7. 
Soils, a. 
Storage, 28, 39. 
Varieties, 2-S-27, 641. 
Water requirements, 30. 
Wild, 26. 

King disease, ot potatoes, 249. 



1 Saddo' seeddrill, 43. 

Saffiovror (Car(hamwlinr.loriiib) l 178-181. 

Botany, 180. 
Cultivation, 179. 
Dye, 180. 
lil. 181. 
Oikvftp, 181. 
Insect pests, Mil. 
notation, 179. 
Soils, 179. 
"Varieties, 181, 
^ Yield, ISO. 

Rajifi (Peunhelwn f!/plijitii(kii>)i\ l 71-76. 
liotany, 72. 
Composition, 75, 
Cultivation, "!■!. 
Kieeo^a, 76 
Insect jests, 74. 
Jfalfortniitioii of earheafls, 7fi, 
Rotation, 71- 
Smut on, 75. 
Soils, 71. 
Yield, 78. 

Salt, manure for coconuts, 159; 
Salty soils, rice* for, 23. 

Botany, 355. 
, Cellulose in, 856, 

Cultivation for green fodder g5B. 
Do for green manure' 054' 

Do for fibre, 362. ' 

Diseases 856. 

Insect pasts, 1J65, 

Preparation of fibre. .153, 

Production and trade, Bfifi. 

Soils, H56. 

Uses, 35S. 

Varieties U56. 

Wilt, 388. 
Save (Panicitm miliar?), 85, 8fi. 

Botany, 86. 

Cultivation, 80, 

Composition, 8(1. 

Varieties, 86. 

Yield, 86. 
Sciarospwa, (jraniinicalu , 75. 
Senna (Ca$sia anquatifnlin), 48b.$x, 

Botany, 490. 

Cultivation, 400. 

Gluooaide in, 19], 

Uses, 491, 

Varieties, 490. 
Yield, 490, 



Septnglocum mori, Lav.— 512. 

Sesame 123-129. 

Botany, 120. 

Composition, 127. 

Cultivation, 121. 

Diseases, 126. 

Insect pests, 12(1. 

Oil, 128. 

Oilcake, 12S. 

J? rodnotion and trade, J29. 

Kotaiion, 123. j* 

Soil?, J2&. 

Uses, 127. 

Varieties, 125, 

Yield, 125. 

Seilinttiri ftnndiflnra, as standards, 47& 
Hetaria ilaiim, (see under N. Uavane.i 
Silver o»fc, as shade, 501, 403. 
Silk, artificial, 520. 

Composition, 520. 

TTsaij, 620. 
Silkworm — 

Bye-proauots in rearing, 521. 

Classiiloation E, 614. 

Cross-bred, 618. 

Diseases, 619, 

Preparation of disase-freP eggs, 515. 

Life history, 514. 

Mounting and harvesting, 518. 

Pebrine, 515, 519. 

Polyvoltine race, 514. 

Hearing, seed to ripening, 516, 517. 

Onhraltiue race, 514. 

Sisal hemp, (see under Agaves). 
Sortjlncm vnlqare, see under .Tola. 
SpJuiceolothera sorglii—Sb 
Stem borer on Coflee, 419. 

BW 82- ' 

Tonaaoo, 893. 

Striga on Jolft, 69, 

Sui;a.iroine, 223. 
Mtunip rot on coffee, 422. 

IVu, 440. 
Sugar " Jjoora", 216. 

" Mahidam ", 213, 214. 
Fsotories in India— 224, 
" Plantation white", 217, 218. 
1'roduetion and trade, 223. 
Refined, 217, 

Sugarcane.— 

Areas under, 225- 
Arrowing of, 169, 199, 209, 210. 
Bagasse, 192, 218. 
Borer pests, 220, 
Botany, 195, 
Bud sports, 200. 
Bye-products, 218. 
Composition, 192-195. 
Compost 01 can* trauSi, 219. 
Cultivation, 215-210. 
Deterioration o{, 210. 
Diseases, 221 -22!), 
Distribution, 188. 
Drainage, 186-188. 
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tHWt extraction of, 19.), g. 
Composition, 193. - 1, 

PettriffaHoa of, 194. 

Uii, 1S6- 

X6«i»Bg, S01-S62. 

Sfa* M fibre, 192, 

Villitif, (SO. 

5WfeiETrtrthfi.i' ?OS-50t 

fltrtiUons, 188 

TfettoS, 188. 

.SifuVMR-JS!*- 
SsecRHWt VATirtit- , Vfl. 
Seed &®% Wl. 
P,aifc,#J. 
'Xcctilkcnt, 161- 
Solla, 186. i, 
Striga, 223. | " 
Sucrose in, 19X , 
Tillering, 208, " 
Wrrfppiii'j, 20S. 
Yield, 215 

T 

TupiX'i, ffSG-EBO. 

Botany, 238. 

Composition of flour, 259. 
Cultivation, 257. 
flour, preparation of, 2150 

Out turn of, 2.38. 
Prussia acid in, 269. 
^oi!&, 250 
t r se=i,2firi. 
Varieties, 3>9. 
Yield, QB8. 

IVa, 420-442. 

Altitude for 42tf. 
Blaolc, 437, 
Botany, 488. 
Climate, 427. 
Composition, 441. 
Diseases, 439. 
Distribution, 127. 
Drainage for, 421). 

Qreen manure for, 4-14. 
Qrerai, 437. 
Manufacture, 4i!(!. 
Manuring, 413. 
"Mosquito blifjUti 4 ffl. 
Nurseries, 480. 
Planting, 431 

Clucking and pruning, 4;1^ 
Production ami trade, 142. ' 
«oils, «9. 

Acidity in, 429. 

Composition of, 429 
Varieties, 43S. 
Yield, 483. 

Ttphrcmti mivliihi in eoftee eju. , 
' . „ Aites, *) 

Do do tea <1 

' Tiklsa" disease on gronndm^ 

"'Tliangadi " preen manure, Ip * 

Tlinps, on cnrdamum, 300. 

On. ohilles— 281. 

Onions— 310. 

Tobacco, 873-398 

Barns lor curing, 387. 
Botany, 369. 
Composition, 896. 
Cultivation, irrigated, 381,i 
Cultivation, rwnfed, OTT-Sh™ 



384. 



Filler, Jlfll. 

Flue rnrina 386-388. 

li-rades, 885. 

"Harrison's Special 

Insect pests, 892, 

Manuring, 38S. 

Kuraertim, 357. 

Orobancbe on 395. 

Production and trade, 897. 

Quality, 391. 

notation, 37fi. 

Reed production, 38S 
f&fp, 87% 
Soils, 374. 

Snn curing, 380, 8S2, 
Topping, 87!). 
Transplanting, 376. 
Varieties in Mysore, 392, 
Wrapper, 391. 
Yield, 883. 



4'U 
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Dise-ases, B94-99E, 



jJ$\Cajtm>is iniliewi, 9fl-lfl ! l 
Boiling quality, I OS. 
'<otfcny, J01, 

1 Qfti jJttHtan. 103. 

■ T Mi,i, m 

Disnases^lOa. 
Insect reutft 101, 
Varieties, 101, 
Wilt, 102. 
Yield, 100. 

i / S7'*' 

Tiiqmiella foemiui (/memAfab tttl|A,ft 

greek). j ' -' '•'« 

" Tula's. " disease on MfUhcrajvfrft 

Turmeric, 2H2-288, 

Botany, 2B6. 

Uompositiortn8$9» 

Cultivation,*, / 

Curing, 386, ' 

Diseas*. 388, . < ,< 

Dya, m. ' *' 

Insect patfeWttf *' 



AHxid ««p> i*. Swl 

rot*tioB,.'Wi 

Vt»riiJH*4 2S7 
Held , • 

w 

Wheat, 79 fw, 
» llii'itw, St?. 

■'» ¥««* #. 

jEotnioiitioii, 81. 
' < /Tt»!f Nation, irrigated, Ml. 
/ t'tainfecl.SO, 

Diseases, 84. 
<iraiu Elevator, 12 
Insect peats, B3 
Production and trade, 8f>. 
Kotation, 80. 
Soils, 80. 
Smuts on, »4. 
Spelt, 83. 
Storage, 82. 
Storage peats. 
Uses, «4. 
Vwietieh, 83. 
Yield, 86. 

White nuts pest irwrngarcaiie, 220, 

In eoeoaunt gsrdens, 166. . t 

Yefcka, (Calotrapia giganttsa) as green maiinti 
1G, 18. 
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